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-O.s  39-12:  CHARAIT 
AND  OXIME  (HI-o 


ERIZATICN  CF  SC. MAN  TOXICITY  IN  ATROPINE 
AND  MM3-4)  TREATED  RHES'JS  MONKEYS 


1.0  INTRODUCTION 


There  is  a  need  for  improved  antidotes,  specifically  oximes,  for 
treatment  of  human  beings  exposed  to  organophosphorus  (OP)  chemical  warfare 
agents.  Although  pralidoxime  chloride  (2-PAM),  the  standard  therapeutic 
oxime,  is  reportedly  effective  for  treating  exposure  to  the  nerve  agents  sarin 
(G3)  and  VX,  it  is  only  a  marginally  effective  treatment  for  exposure  to  soman 
(GD)  and  tabun  (GA).  HI-6  and  MM8-4  are  two  oximes  most  likely  to  be 
developed  over  the  next  year  as  replacements  for  2-PAM.  The  decision  whether 
to  use  either  of  these  oximes  as  a  rep’acement  for  2-PAM  is  critically 
dependent  on  the  demonstration  of  improved  efficacy  against  GO  i ntox i cat i c  .  in 
studies  with  nonhuman  primates.  The  objective  of  this  task  was  to 
characterize  in  rhesus  monk'ys  the  toxicity,  based  on  lethality,  morbidity, 
and  pathology,  of  GO  when  exposuie  was  followed  oy  treatment  with  atropine  and 
either  of  the  two  test  oximes,  HI-6  or  MMB-4.  Treatments  were  administered  at 
1  min  after  GO  injection  using  a  demonstrated  efficacious  dose  of  atropine  of 
0.4  mg  atropine  free  base  per  kilogram  cf  body  weight0’  and  100  ymol  of 
either  candidate  oxime  per  kilogram  of  body  weight.  The  study  was  performed 
at  Battelle's  Medical  Research  and  Evaluation  Facility  (MR£F). 

2,0  EXPERIMENTAL  DESIGN 
2.1  Test  Animals 

Male  rhesus  monkeys,  Hacaca  mnl atta.  of  Chinese  origin  and  supplied 
by  the  U.S.  Army  Medical  Research  Institute  of  Chemical  Defense  (USAMRICD) 
were  used  in  this  study  because  there  is  considerable  scientific  evidence  that 
the  responses  of  monkeys  are  predictive  of  responses  in  man.  Monkeys  weighed 
between  4  and  7  kg  and  were  housed  individually  in  stainless-steel  cages 
approximately  24  inches  wide,  34  inches  high,  and  26  inches  deep.  Room 
t  n-p-i’Vjture;  were  maintained  at  63-30  F  and  relative  humidity  at 
2C-7C  percent.  (A  small  number  of  excursions  outside  these  ranges  occurred. 
Record;  are  on  file  at  the  MREF.)  Fluorescent  lighting  on  a  light/dark  cycle 
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or  12  hr  each  per  Jay  was  used.  Purina  Certified  Monkey  Chc.v*  biscuits 
red  twice  daily  and  supplemented  with  locally  purchased  fresh  fruit 

Che-.ical  analyses  of  certified  feeds  are  a.ailaCle  from  ?u r:n. 

>  ter  .-.as  Supplied  from  the  Battel  !e  West  Jefferson  water  system  and  qi.ei 
aa  '  -citum  through  automatic  catering  systems.  water  is  analysed  tor  crvm : :  ■ 
impurities  annually  and  for  potability  quarterly.  Uo  contaminants  that  would 
interfere  with  the  results  of  the  study  are  known  to  be  present  in  the  a 

A  3  t  -  r  . 

All  animals  arrived  with  tattoos  so  that  positive  identification 
could  be  maintained.  Monkeys  were  maintained  in  quarantine  for  a  minimum  of 
1  north,  during  which  time  they  were  examined  by  the  stud'  veterinarian  and 
bleed  samples  were  taken  fer  hematology  and  serum  chemistry  analyses.  r~cil 
sanoles  were  taken  for  gastrointestinal  parasite  infestation  evaluation,  and 
three  tuberculin  tests  were  performed  at  approximately  2  week  intervals. 

Based  upon  results  of  physical  examinations  and  clinical  laboratory  findings, 
all  monkeys  were  found  to  be  acceptable  for  study.  Monkeys  were  randcmiced, 
based  on  body  weight,  into  a  group  of  five  animals  for  a  GD  48-hr  LO:, 
determination  and  40  animals  for  efficacy  testing  (20  in  each  oxime  treatment 
group)  to  obtain  group  homogeneity  of  weight,  as  possible,  across  phases  and 
stages  of  the  experiment.  Monkeys  were  placed  on  slotted,  V-shaped  platforms 
to  obtain  body  weights  and  blood  samples  (femoral  venipuncture),  and  fer 
injection  of  GO  and  treatment  compounds. 

2.2  Materials  and  Methods 


2.2.1  Chemistry 

Atropine  in  citrate  buffer  (RU7144,  BlQ7o3)  was  supplied  by 
USAMRICD.  Verification  uf  identity  and  analysis  of  concentration  of  this  lot 
of  atropine  had  been  accomplished  previously  by  SRI  International.'7' 

Chemicil  verification  and  concentration  analysis  of  atropine  was  .Is: 
icc -mp  1  i shed  at  the  MR Ef  using  high  performance  liquid  chrcmatojnphy  (•••“. 
•-•PE-  SCP-39-55) .  GO  was  supplied  by  USAMRICO.  Purity  of  GD  stored  at 
Bif.elle  is  period'cally  confirmed  by  Bat  telle  chemists,  for  an;~i! 
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•••••  i  a  1  1.2  mg  of  GO  per  r.L  of  physiologic  saline  solution  /.as 

:  :'i;.;ts  .-.ere  stored  in  10--.  and  20-mL  serum  vials  at 
-TO  C.  After  preparation,  gas  chrcmatcgrapnic  analyses  of 
-*  t" • i  st'tv  solution  Aere  acccmp! ished,  and  after  eacn  dosing  :ay 
■>  or  o;s:ng  aliquots  were  analyoed  (M R£r  SOP-83-31). 

!-•?  test  cxines,  MS 3-4  ( 1 , 1’ -methy lene-bis[4-(hydroxy imincnothy  1 ) 
die n’o ride;  6M03376.  WR249.  943AH)  and  HI-6  (1-2- 
.  :  . .  •  n.  i-l-pyridino-3-(4-carbamoyl-l-pyridino)-2-oxaprcp  ine 

£-25:32.  *3243.  635AH)  -ere  supplied  in  solid  form  by  USAVSICO. 
an :  punt.,  corf ;  nations  of  test  oximes  were  not  performed  at 
5: :*e’’e.  Cn  *\acn  day  of  efficacy  testing,  a  HI-6  (MW  373)  in  water  solution 
a  red  at  a  concentr.  tion  of  373  mg/ml,  and  a  MMB-4  ( f-V.V  329)  in  /.ater 
n  a.is  preoared  at  a  concentration  of  329  mg/ml  so  that  treatments  could 
i :  - 1  n  i  s  t  d  at  0.1  mL/kg  to  deliver  ICO  ^mol/kg  of  either  test  oxime. 

2.2.2  GO  LDtJ  Studies 

An  estimate  of  the  GO  48-h»-  IDSI  in  this  population  of  monkeys  given 
no  :  re  it  men*.  was  established.  This  was  accomplished  in  an  up-down  type 
eerment'5'*',  challenging  one  monkey  a  day  with  a  dose  dependent  upon 
resets  from  previous  days.  Doses  of  GD  used  were  selected  by  the  study 
statistician  in  order  to  estimate  the  48-hr  LDSJ  most  efficiently.  The 
estimate  of  the  GO  L0SJ  was  used  to  predict  protective  ratios  (PRs;  IDS,  of 
treated  animals/LD^  of  untreated  animals)  for  each  treatment  regimen. 

2.2.3  Oxime  Efficacy  Studies 

To  test  treatment  efficacy  of  HI-6  and  MM8-4  given  in  conjunction 
with  0.4  mg/kg  atropine  free  base,  two  weight-homogenized  groups  of  monkeys 
.-.ere  established  for  dosing  purposes.  A  stagewise  strategy  was  used  to 

GO  doses  in  the  experimental  design.  Using  doses  of  GU  recsr-e">; : 
t,  t-e  study  statistician,  groups  of  equal  numbers  of  monkeys  .-.ere  challenged 
.-.it"  13  and  treated  with  atropine  and  ICO  ^mol  of  either  HI-5  or  MVS-4  per  k: 
.v»f gnt  »t  1  min  after  GD  injection.  Monkey  body  weights  taken  within 
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24  hr  of  GD  injection  were  used  to  calculate  volumes  of  GO  and  treatment 
expounds  to  be  admini stared.  Hair  over  the  calf  of  the  right  leg  and  over 
the  anterior  lateral  aspect  of  the  left  leg  was  clipped  and  injection  sites 
delineated  with  a  permanent-ink  marker.  Monkeys  were  given  GO  intramuscularly 
( IM)  in  the  gastrocnemius  muscle  of  the  right  leg.  GD  dosing  was  accomplished 
with  monkeys  restrained  on  a  platform  and  within  a  hood  approved  for  the  use 
of  highly  hazardous  material.  After  decontamination  of  the  skin  at  the  IM 
dosing  site  using  ethanol  followed  by  a  hypochlorite  solution  and  then  water, 
monkeys  were  removed  from  the  hood  and  at  1  min  following  GD  injection  were 
given  atropine  and  either  HI-5  or  MM8-4  in  succession  in  the  anterior  lateral 
area  of  the  left  thigh  in  the  region  of  the  vastus  lateralis  muscle. 

Treatment  injection  sites  were  separated  by  2-3  cm.  Twenty-five  gauge, 

5, 3-inch  needles  were  used  fo-  all  IM  injections.  Syringes  used  for  dosing 
were  Hamilton  (Reno,  NV)  microliter  syringes  of  the  smallest  compatible  volume 
(Syringes  are  filled  to  no  more  than  95  percent  of  labeled  volume.)  to  obtain 
maximum  accuracy  in  delivered  dose.  Individual,  labeled  syringes  were  loaded 
with  the  calculated  volumes  of  GO  prior  to  the  start  of  dosing,  weighed,  and 
placed  on  ice  until  used.  After  dosing  was  completed,  syringes  were  weighed 
again  to  determine  weight  losses  and  calculate  the  amount  actually  delivered. 
Syringes  used  for  injection  of  atropine,  HI-6,  and  MMB-4  were  also  weighed 
both  before  and  after  treatments  were  injected.  On  every  day  of  dosing, 
solutions  of  HI-6  and  MM8-4  made  up  that  morning  and  used  to  treat  monkeys 
were  sampled  for  chemical  analysis  to  confirm  desired  concentrations  (MREF 
SCP-89-64) . 

Monkeys  were  returned  to  individual  cages  after  treatments  had  been 
completed,  and  were  closely  and  continuously  observed  for  the  first  4  hr 
following  dosing  and  at  intervals  thereafter  with  observations  annotated  at  6, 
8,  12,  24,  36,  and  4S  hr  and  daily  thereafter  to  the  seventh  day.  Signs 
specifically  monitored  included  muscle  fascicuTations,  tremors,  convulsions, 
prostration,  sal i vat'on/bronchial  discharge,  miosis/mydriasis,  uncoordinated 
movements,  and  death. 
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2.2.4  Patholooy 

Monkeys  that  died  prior  to  48  hr  in  both  the  GD  ID5j  and  cxime 
treatment  efficacy  phases  of  the  study  underwent  necropsies  performed  by  an 
experienced  veterinary  pathologist  and  gross  lesions  were  recorded.  Monkeys 
which  survived  for  43  hr  but  were  in  moribund  condition  were  anesthetized, 
tissues  perfusion-fixed,  necropsies  performed,  and  tissue  samples  taken  for 
histopathologic  evaluation.  Following  necropsy,  all  animal  remains  were 
incinerated. 


2.2.5  Statistical  Analyses 

An  up-down  approach  was  used  to  estimate  the  48-hr  GD  L0SJ  in 
untreated  monkeys.  Based  on  historic  information  on  the  slope  of  the 
GD  dose-lethal  response  curve  and  probit  analyses  of  data  as  they  were 
obtained,  the  best  doses  for  challenging  succeeding  animals  were  selected  in 
order  to  estimate  most  efficiently  the  48-hr  GD  LD^  in  the  present  population 
of  monkeys.  The  experiment  was  designed  to  use  a  maximum  of  five  monkeys  to 
estimate  the  48-hr  GO  LDSJ,  but,  if,  after  two  or  more  monkeys  had  been  . 
challenged,  the  estimated  LOj,  fell  within  the  95  percent  confidence  limits  of 
Battel le's  historic  rhesus  monkey  48-hr  GD  LD5J,  that  historic  LDSI  value  would 
be  accepted  as  tne  approximate  10S,  in  the  present  population  of  monkeys  and 
further  experimentation  for  determination  of  the  LD}J  would  not  be 
accomplished. 

Based  upon  required  sample  size  analyses  to  estimate  the  minimum 
number  of  animals  needed  to  provide  definitive  information  on  PRs,  20  monkeys 
were  allocated  to  each  of  the  two  treatment  oxime/atrooine  therapies,  [f 
fewer  animals  were  needed  to  demonstrate  a  PR  significantly  greater 
(i  of  0.05)  than  the  historic  atropine/2-PAM  PR  (approximately  1.7)  and  a 
survival  rate  of  at  least  84  percent  at  2  X  48-hr  GD  LDSJ,  experimentation 
>>cu 1  i  cease.  If  it  became  apparent  after  at  least  five  monkeys  had  been 
challenged  and  treated  with  each  regimen  that  a  PR  of  at  least  2.5  was  ret 
being  approximated,  further  guidance  from  the  USAMR ICO  Task  Area  Manager  (TAM) 
/.cull  be  sought. 
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Doses  of  GD  were  selected  by  the  study  statistician  to  best  estimate 
the  lD;i  and  slope  of  the  dose-response  curve  in  treated  monkeys.  Animals 
were  to  be  dosed  in  groups  with  equal  numbers  of  monkeys  in  each  treatment 
group  per  dosing  day  unless  sufficient  information  was  obtained  for  one 
treatment  regimen  but  not  the  other.  From  the  information  obtained,  probit 
analyses  were  performed  and  estimates  made  of  the  43-hr  LD5I,  lD1|t  and  LDa4 
values  in  tieated  monkeys.  PPs  were  also  calculated.  Signs  of  GD 
intoxication  were  statistically  analyzed,  as  feasible,  to  determine  any 
differences  in  treatment  efficacy. 

3.Q  RESULTS ' 


3.1  Chemistry 

The  stock  solution  of  GD  in  physiologic  saline  prepared  for  dosing 
monkeys  in  Task  89*12  was  analyzed  and  concentration  was  determined  to  be 
1.24  mg/ml.  The  average  analyzed  concentration  of  daily  dosing  aliquots  used 
in  LDsa  and  efficacy  experiments  was  within  10  percent  of  this  1.24  mg/ml 
concentration  (1.14  mg/ml  with  a  standard  deviation  of  0.04).  This  slight 
decrease  in  concentration  may  he  due  to  degradation  of  the  dosing  solution 
during  the  time  it  was  held  on  ice  while  dosing  of  animals  was  being 
accomplished  or  during  rethawing  prior  to  chemical  analysis. 

Concentration  of  atropine  free  base,  as  determined  by  SRI(:),  was 
2.5  mg/ml,  and  this  concentration  was  used  to  calculate  volumes  of  atropine 
solution  for  injection  in  monkeys.  The  average  of  two  analyses  for  atropine 
free  base  concentration  performed  at  the  MREF  was  2.33  mg/mL.  If  the  true 
concentration  of  atropine  free  base  was  2.33  mg/ml  rather  than  the  2.5  mg/mL 
used  to  calculate  injection  volumes,  the  result  would  be  treatments  with 
0.37  mg/kg  rather  than  the  0.4  mg/kg  target  dose  of  atropine  free  base. 

Analyses  of  HI-6  and  MMB-4  solutions  used  for  treating  monkeys 
demonstrated  concentrations  within  5  percent  of  target  concentrations. 

HI-6  at  a  concentration  of  378  mg  per  ml  of  water  went  into  solution  rather 
slowly  and  required  vortex  mixing  or  sonication  to  speed  the  dissolution 
process.  Once  in  solution,  HI-6  remained  in  solution  even  if  refrigerated. 
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MM3-4  readily  went  into  solution  at  329  mg  per  ml  of  water,  but  would 
precipitate  if  solutions  were  refrigerated  or  were  left  standing  at  room 
temperature  for  more  than  a  few  hours. 

3.2  GO  LOio  Studies 

An  up-down  type  approach  was  conducted  to  estimate  the  48-hr  GO  LDS0 
in  untreated  monkeys  of  this  population.  On  separate  days,  five  monkeys  were 
injected  IM  with  various  doses  of  GO  based  on  estimates  of  the  GO  LDS0  and 
slope  of  GO  dose-lethal  response  curves  of  previous  experiments  and  based  on 
results,  as  obtained,  in  this  population  of  monkeys.  Because  of  results 
obtained  in  efficacy  phases  of  this  study,  four  additional  monkeys  were 
injected  with  GO  and  given  no  treatment.  Results  of  GO  LDS0  testing  are 
presented  in  Section  3.5,  Statistics. 

3.3  Oxime  Efficacy  Studies 

On  the  first  day  of  oxime  efficacy  testing,  eight  monkeys  were  given 
various  doses  of  GO  and  four  were  treated  with  atropine  and  MMB-4  and  four 
were  treated  with  atropine  and  HI-6.  A  week  later,  eight  additional  monkeys 
were  treated  similarly  using  GO  doses  selected  by  the  study  statistician  and 
based  on  results  from  the  first  day  of  testing.  Analyses  of  the  data  at  this 
time  demonstrated  that  neither  treatment  was  achieving  a  PR  of  2.5,  and,  as 
stated  in  the  protocol,  the  USAMRICD  TAM  was  notified  of  these  results.  The 
decision  was  made  to  perform  one  more  day  of  similar  testing  to  confirm 
results,  and  this  was  accomplished  approximately  1  month  following  the 
second  day  of  testing.  On  the  fourth  and  final  day  of  efficacy  testing,  four 
monkeys  were  challenged  with  various  doses  of  GO  and  treated  with 
atropine/HI-6,  and,  because  MM8-4  had  proven  ineffectual,  four  additional 
monkeys  were  injected  with  GO  and  given  no  therapy  in  an  effort  to  more 
accurately  define  the  GO  LDJ0  in  untreated  animals.  The  results  of  oxime 
efficacy  testing  are  presented  and  discussed  in  Section  3.5,  Statistics. 
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3.4  Pathology 

Twenty-five  rhesus  monkeys  were  necropsied:  seven  had  been  given  GO 
with  no  therapy;  seven  were  given  i.MB-4  as  part  of  the  therapy  regirren;  and 
11  were  given  HI-6.  Twenty-two  of  these  monkeys  received  gross  necropsies 
only,  with  no  tissues  saved  for  microscopic  examination.  Three  monkeys  which 
received  no  treatment  but  survived  more  than  48  hr  after  GO  challenge  were 
euthanatized  in  moribund  condition.  For  these  three  animals,  pentobarbital 
sodium  was  given  intravenously  to  induce  a  deep  plane  of  anesthesia.  All 
tissues  were  then  perfused  via  cannula  with  heparinized  saline  followed  hy 
10  percent  neutral  buffered  foimalin.  Samples  of  the  following  tissues  were 
collected  and  post-fixed  by  immersion  in  10  percent  neutral  buffered  formalin: 
brain,  spinal  cord,  heart,  kidneys,  liver,  lungs,  ileum,  stomach,  diaphragm 
with  phrenic  nerve,  biceps  muscle,  (forearm)  common  digital  extensor  muscle, 
ulnar  nerve,  radial  nerve,  brachial  plexus,  distal  sciatic  nerve,  pituitary, 
adrenal  glands,  and  gross  lesions  (when  present).  Left  eyes  were  also 
collected,  but  post-fixed  by  immersion  in  Bouin's  solution. 

Results  of  the  gross  and,  when  applicable,  microscopic  examinations 
are  presented  in  Appendix  C.  In  all  cases,  necropsy  results  were  compatible 
with  death  or  moribund  condition  due  to  GO  intoxication.  Usually  no  gross 
morphologic  changes  were  detected.  Neither  HI-6  nor  MHB-4  therapy  appeared  to 
alter  the  gross  appearance  of  organs  or  tissues  from  that  seen  in  monkeys 
exposed  to  GO  alone. 

Gross  lesions  which  could  be  attributed  to  GO  included  epicardial 
and  thymic  hemorrhage  seen  in  a  few  monkeys.  Brain/meningeal  congestion 
and/or  hemorrhage  was  present  in  several  monkeys;  whether  this  is  a  primary 
effect  of  GO  intoxication  ts  uncertain  since  cranial  trauma  caused  by 
GO-induced  convulsions  could  easily  have  caused  these  lesions.  A  number  of 
monkeys  had  acute  hemorrhage  of  cranial  (temporalis)  muscles,  presumably 
caused  by  trauma  suffered  during  convulsions.  One  monkey  had  yellow/green 
foam  in  the  bronchi  which  was  suggestive  of  terminal  aspiration  of  stomach 
contents.  All  other  lesions  found  at  necropsy  were  incidental  to  GO  (or 
therapy)  injection. 
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Tissues  saved  from  the  three  monkeys  (89-1582,  89-1600,  and  89-1533) 

which  received  no  therapy  were  trimmed  for  targeted  sites,  cut  at  5  microns, 

stained  with  hematoxylin  and  eosin,  and  examined  microscopically.  Targeted 

tissue  sections  'ncluded  the  following  organs,  tissues,  and/or  sites: 

eye 

brain 

frontal.,  entorrhinal,  parietal/occipital  cortex 

amygdaloid  and  caudate  nuclei 

hiopocampus 

thalamus 

midbrain 

pons 

medulla 

cerebellum 

olfactory  bulb  (when  present) 
pituitary 

spinal  cord  (three  sections) 

peripheral  nerve  (sciatic,  brachial  plexus,  ulnar,  radial,  phrenic), 

adrenal  gland 

liver 

kidney 

lung 

i  1  eum 

stomach 

diaphragm 

muscle  (biceps,  common  digital  extensor) 

heart  f$A  node,  left  ventricle,  ventricular  septum,  left  atrium, 
bundle  of  His). 

Significant  neuropathology  was  found  in  all  three  monkeys.  This 
consisted  of  minimal  to  severe  (depending  upon  animal  and  brain  region) 
neuronal  necrosis  in  most  sections  of  the  cerebrum.  Cerebellum,  medulla, 
spinal  cord,  and  peripheral  nerves  were  essentially  normal.  Neuropathology, 
identical  to  the  so-called  "ischemic  cell  change,"  was  Interpreted  to  have 
been  caused  by  GO  and  resulted  In  the  moribund  state  prior  to  euthanasia. 

All  three  monkeys  also  had  scattered  areas  of  skeletal  muscle 
necrosis.  These  lesions  consisted  of  degeneration  and  frank  mineralization  of 
isolated  myofibrils.  The  presence  of  the  mineralization  suggests  that  the 
skeletal  muscle  injury  had  occurred  a  couple  of  days  prior  to  death 
(presumably  during  or  associated  with  convulsive  activity).  One  monkey  (89- 
16C0)  had  minimal  cardiac  myocyte  degeneration  as  well. 

Two  monkeys  (89-1532  and  89-1638)  had  evidence  of  hepatic  fatty 
changes  suggestive  of  starvation  (excessive  release  of  free  fatty  acids  from 
adipose  tissue).  This  has  been  seen  previously  in  moribund  animals,  and 
appear;  to  be  more  an  indication  of  altered  metabolic  state  and  moribundity 
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than  a  GO- spec i f i c  toxic  effect.  One  monkey  (89-1638)  had  evidence  of  mild 
renal  tubular  necrosis,  presumably  related  to  its  moribund  state  and  poor 
tissue  perfusion  prior  to  euthanasia.  All  other  lesions  found  microscopically 
appeared  incidental  in  nature  and  unrelated  to  GO  exposure. 

3,5  Statistics 

The  study  was  conducted  in  two  phases.  In  phase  I,  a  modified 
up-down  type  experiment,  challenging  one  monkey  per  day,  was  conducted  to 
provide  an  estimate  of  the  43-hr  GO  LD^  in  untreated  monkeys.  In  phase  II, 
experiments  were  carried  out  to  estimate  GO  dose-lethality  response  relations 
for  animals  treated  with  atropine  (0.4  mg/kg  body  weight)  and  either  HI-6  or 
MMB-4  (100  pmol/kg  body  weight).  Since  no  more  than  20  monkeys  were  to  be 
tested  in  either  treatment  group,  it  was  essential  that  animals  be  tested  at 
doses  representing  appropriate  regions  of  the  unknown  dose-response  curve. 
Therefore,  a  stagewise  adaptive  dose  allocation  strategy  was  used  to  select  GD 
doses. 

In  addition  to  investigating  the  effect  of  GO  dose  on  lethality, 
each  animal  was  monitored  for  clinical  signs  of  GO  intoxication  following 
injection  of  the  GO  dose.  The  objective  of  the  analyses  of  clinical  signs 
data  was  to  determine  if  there  were  statistically  significant  differences  in 
onset  and/or  duration  of  sublethal  responses  for  GO  intoxicated  monkeys 
treated  with  atropine  and  either  HI-6  or  MMB-4. 

The  results  of  statistical  analyses  used  in  this  study  rely  on  a 
number  of  assumptions.  It  was  assumed  that  the  probit  model,  with  no 
background  lethality,  provided  a  reasonable  approximation  to  the 
GO  dose-lethality  response  relationship,  at  least  between  the  10th  and  90th 
percentiles.  It  was  also  assumed  that  the  slopes  of  the  dose-response 
relationships  for  untreated,  HI-6  treated,  and  MMB-4  treated  monkeys  from 
Task  89-12  could  be  approximated  by  a  single  slope.  It  was  further  assumed 
that  the  monkeys  were  drawn  from  a  single  population  with  no  drift  in  response 
over  time.  The  absence  of  a  time  drift  in  response  permits  the  use  of  a 
stagewise  dose  allocation  strategy,  as  opposed  to  testing  all  the  animals 
simultaneously. 

All  oxime  treatments  were  given  in  conjunction  with  0.4  mg  atropine 
free  base  per  kg  of  animal  body  weight.  For  the  sake  of  brevity  and  ease  in 
prese-tirg  results,  symbols  are  used  for  the  various  treatments. 
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Atropine/2- PAM  therapy  is  abbreviated  2-PAM,  atropine/MM8-4  is  MM3-4.  and 
atropine/HI-6  is  HI-o. 

3.S.I  Analysis  of  43-Hr  Lethality  Data 

The  combined  data  from  Task  89-12,  from  untreatea  monkeys  of 
Task  85-18  of  a  previous  contract,  from  monkeys  treated  with  atropine  and 
2-PAM  in  Task  85-18,  and  from  untreated  monkeys  of  Task  87-34  of  a  previous 
contract  were  used  to  estimate  43-hr  GO  LOsos  for  untreated  monkeys  and 
monkeys  treated  with  either  MMB-4,  HI-5,  or  2-PAM.  Lethality  results  for  each 
group  of  monkeys  are  presented  in  Table  1.  A  probit  dose-response  model  in 
log  GO  dose  was  fitted  to  the  48-hr  lethality  results  for  six  groups  of 
monkeys:  85-18/untreated,  87-34/untreated,  89-12/untreated,  89-12/MMB-4, 

89— 12/HI-6,  and  8S-18/2-PAM.  This  model  assumed  that  the  GO  dose-lethal 
response  relations  for  the  six  groups  of  monkeys  had  a  common  slope  but 
different  intercepts.  The  historical  data  from  Task  87-34  was  included  to 
increase  the  precision  of  the  slope  estimate,  thereby  increasing  the  precision 
of  the  48-hr  GO  L05o  estimates  for  MMB-4,  HI-6,  and  2-PAM.  Parameter 
estimates  and  results  from  fitting  the  common  slope  model  to  the  48-hr 
lethality  data  are  summarized  in  Table  2.  The  estimate  of  the  common  slope  is 
11.42  with  a  standard  deviation  of  2.20.  Based  on  the  common  slope  model,  the 
predicted  lethality  rate  at  48  hr  versus  GO  dose  was  plotted  for  untreated 
monkeys  and  for  monkeys  treated  with  MMB-4  or  HI-6  in  Task  89-12  and  are 
presented  in  Figure  1. 

In  addition  to  fitting  a  common  slope  model  to  the  combined  48-hr 
lethality  data  from  the  six  groups  of  monkeys,  separate  probit  models  were 
fitted  to  each  group.  A  hypothesis  test  of  the  adequacy  of  the  common  slope 
assumption  was  performed  by  comparing  the  fits  from  the  common  slope  and 
separate  slopes  models.  Based  on  the  results  of  a  log-likelihood  ratio  test, 
the  null  hypothesis  of  a  common  slope  for  the  six  groups  of  monkeys  was  not 
rejected  at  the  5  percent  significance  level.  While  this  does  not  prove  that 
the  common  slope  assumption  is  correct,  it  does  show  that  there  is  no  evidence 
in  the  data  contrary  to  the  common  slope  assumption. 

The  estimated  parameters  from  the  common  slope  model  were  used  to 
calculate  the  48-hr  GO  LD,6  >  Ao*  and  10J4  for  each  group  of  monkeys.  Table  3 
displays  the  estimated  percentiles  of  the  dose-response  models  for  each  group 
of  monkeys.  There  are  slight  oifferences  from  previously  reported  tClr s  for 


TABLE  1.  10-HR  ANO  48-HP  LETHALITY.  AND  TIMES  TO  OEATH  FOR  SIX 

GROUPS  OF  MONKEYS:  85- 18/UNTREATED,  87.34/UNTREATED. 
89-12/UNTREATED,  89-12/MMB-4,  89-12/HI-6,  85-13/2-PAM 


Task 

Treatment 

Animal 

ID 

8ody 

Weight 

(kg) 

Actual 
GO  Dose 
(*g/kg) 

48-Hr 
Lethal i ty 

10-Hr 

Lethality 

Time  to 
Deathw 
(min) 

85-18 

Untreated 

2460 

3.70 

4.60 

Lived 

Lived 

85-13 

Untreated 

2YW 

4.20 

5.40 

Lived 

Lived 

85-18 

Untreated 

966C 

4.20 

6.50 

Lived 

Lived 

85-18 

Untreated 

0274 

4.90 

7.40 

Lived 

Lived 

85-18 

Untreated 

C390 

5.80 

7.60 

Lived 

Lived 

85-18 

Untreated 

0410 

4.30 

9.30 

Lived 

Lived 

85-18 

Untreated 

4GA 

2.80 

9.70 

Lived 

Lived 

85-18 

Untreated 

4EA 

3.90 

11.2C 

Lived 

Lived 

85-18 

Untreated 

2VF 

4.40 

11.30 

Lived 

Lived 

85-18 

Untreated 

D533 

5.10 

12.70 

Lived 

Lived 

85-18 

Untreated 

3L4 

3.60 

13.30 

Lived 

Lived 

85-18 

Untreated 

366D 

4.60 

13.30 

Oied 

Died 

95 

85-18 

Untreated 

3  LG 

4.00 

13.40 

Died 

Died 

28 

85-18 

Untreated 

3LS 

3.90 

13.60 

Lived 

Lived 

85-18 

Untreated 

47L 

2.60 

14.20 

Lived 

Lived 

85-18 

Untreated 

925T 

3.80 

14.60 

Lived 

Lived 

85-18 

Untreated 

1830 

3.40 

14.70 

Lived 

Lived 

85-18 

Untreated 

4G8 

3.20 

14.70 

lived 

Lived 

85-18 

Untreated 

E196 

3.70 

14.80 

Died 

Lived 

1,440 

35-18 

Untreated 

E248 

3.80 

15.40 

Died 

Died 

57 

85-18 

Untreated 

4170 

3.70 

15.90 

Died 

Died 

25 

85-18 

Untreated 

3390 

3.90 

16.20 

Died 

Died 

30 

85-18 

Untreated 

936C 

3.90 

16.40 

Died 

Died 

15 

85-18 

Untreated 

3LI 

4.30 

16.40 

Oied 

Died 

150 

85-13 

Untreated 

822C 

5.10 

16.50 

Died 

Died 

39 

85-18 

Untreated 

087D 

4.30 

16.70 

Lived 

Lived 

• 

85-18 

Untreated 

1370 

4.00 

17.10 

Lived 

Lived 

• 

85-13 

Untreated 

44L 

2.80 

17.20 

Oied 

Lived 

1,440 

85-18 

Untreated 

1430 

4.50 

18.70 

Oied 

Oied 

39 

85-18 

Untreated 

858C 

5.50 

18.70 

Died 

Died 

20 

85-18 

Untreated 

H25 

4.50 

19.20 

Oied 

Died 

30 

85-18 

Untreated 

3LB 

4.00 

20.00 

Lived 

Lived 

• 

85-18 

Untreated 

3X0 

3.20 

20.10 

Died 

Oied 

120 

85-18 

Untreated 

3EW 

3.10 

20.30 

Died 

Oied 

30 

85-18 

Untreated 

4HL 

3.20 

26.40 

Oied 

Oied 

15 

85-13 

Untreated 

936C 

5.80 

32.40 

Died 

Died 

15 

87-34 

Untreated 

85-206 

7.97 

5.03 

Lived 

Lived 

• 

87-34 

Untreated 

85-008 

8.68 

5.12 

Lived 

Lived 

• 

87-34 

Untreated 

85-111 

5.71 

5.33 

Lived 

Lived 

• 

87-34 

Untreated 

85-035 

7.76 

5.85 

Lived 

Lived 

TABLE  1. 
(Continued) 


Task 

Treatment 

Animai 

10 

3ody 

Weight 

(kg) 

Actual 

GO  Oose 
Ug/kg) 

48-Hr 

Lethality 

10-Hr 

Lethality 

Time  to 
Death 
(min) 

87-34 

Untreated 

85-042 

6.84 

5.96 

Lived 

Lived 

87-34 

Untreated 

84-001 

3.85 

6.28 

Li,rd 

Lived 

# 

87-34 

Untreated 

85-260 

5.93 

6.54 

Died 

Died 

66 

87-34 

Untreated 

84-051 

7.44 

6.68 

Lived 

Lived 

# 

87-34 

Untreated 

84-185 

5.15 

6.90 

Died 

Died 

51 

87-34 

Untreated 

84-184 

6.63 

6.94 

Lived 

Lived 

• 

87-34 

Untreated 

84-190 

6.84 

6.94 

Died 

Died 

29 

87-34 

Untreated 

85-213 

6.32 

6.96 

Died 

Died 

90 

87-34 

Untreated 

84-207 

5.00 

7.20 

Lived 

Lived 

9 

87-34 

Untreated 

85-049 

6.93 

7.42 

Died 

Lived 

1.44Q 

87-34 

Untreated 

84-263 

6.86 

8.09 

Lived 

Lived 

• 

87-34 

Untreated 

84-152 

7.74 

8.38 

Lived 

Lived 

• 

87-34 

Untreated 

84-170 

6.61 

8.97 

Died 

Died 

32 

37-34 

Untreated 

85-080 

6.58 

10.33 

Died 

Died 

25 

87-34 

Untreated 

85-218 

5.72 

13.83 

Died 

Died 

10 

89-12 

Untreated 

1600 

5.20 

4.50 

Lived 

Lived 

• 

89-12 

Untreated 

1582 

5.80 

4.90 

Lived 

Lived 

• 

89-12 

Untreated 

1638 

5.90 

5.00 

Lived 

lived 

« 

89-12 

Untreated 

1542 

5.60 

5.20 

Lived 

Lived 

89-12 

Untreated 

1554 

4.60 

5.40 

Lived 

Lived 

• 

89-12 

Untreated 

1626 

5.50 

6.00 

Died 

Died 

53 

89-12 

Untreated 

1578 

5.30 

6.80 

Died 

Lived 

1,305 

89-12 

Untreated 

1540 

4.70 

7.00 

Died 

Died 

37 

89-12 

Untreated 

1640 

5.20 

8.80 

Died 

Died 

17 

89-12 

MMB-4 

1534 

5.80 

5.80 

Lived 

Lived 

• 

89-12 

MMB-4 

1888 

6.50 

6.10 

Lived 

Lived 

• 

89-12 

MMB-4 

1622 

5.90 

6.10 

Lived 

Lived 

• 

89-12 

MM8-4 

1524 

5.10 

6.30 

Lived 

Lived 

• 

89-12 

MMB-4 

1598 

6.20 

6.90 

Lived 

Lived 

• 

89-12 

MMB-4 

1584 

5.60 

8.40 

Died 

Lived 

2,160 

89-12 

MMB-4 

1566 

4.80 

9.30 

Died 

Died 

61 

89-12 

MMB-4 

1634 

5.10 

9.70 

Died 

Died 

30 

89-12 

MMB-4 

1536 

5.20 

11.00 

Died 

Oied 

38 

89-12 

MMB-4 

1624 

4.80 

12.80 

Died 

Died 

55 

89-12 

MMB-4 

1552 

5.20 

15.70 

Died 

Died 

21 

83-12 

MMB-4 

1620 

4.60 

29.80 

Died 

Oied 

33 

69-12 

Hl-6 

1570 

5.20 

6.00 

Lived 

Lived 

• 

89-12 

HI-6 

1610 

5.60 

7.40 

Lived 

Lived 

• 

89-12 

HI-6 

1538 

5.20 

8.60 

Lived 

Lived 

• 

89-12 

HI-6 

1564 

6.00 

10.80 

Lived 

Lived 

39-12 

HI-6 

1546 

4.70 

13.00 

Died 

Oied 

38 

14 


TABLE  I. 
(Continued) 


Task 

Treatment 

Animal 

10 

Body 

Weight 

(kg) 

Actual 

GO  Dose 
(*g/kg) 

48-Hr 

Lethality 

10-Hr 

Lethality 

Time  to 
Death 
(min) 

89-12 

HI-6 

1618 

4.40 

14.70 

Died 

Lived 

2,700 

89-12 

HI-6 

1544 

5.60 

16.60 

Lived 

Lived 

• 

89-12 

HI-6 

1591 

5.20 

18.30 

Died 

Died 

18 

89-12 

HI-6 

1900 

4.40 

21.50 

Oied 

Lived 

1,290 

89-12 

HI-6 

1632 

4.40 

25.10 

Died 

Oied 

194 

89-12 

HI-6 

1602 

6.20 

25.90 

Died 

Died 

38 

89-12 

HI-6 

1533 

4.70 

23.40 

Died 

Oied 

480 

89-12 

HI-6 

1604 

5.20 

30.10 

Died 

Lived 

2,220 

89-12 

HI-6 

1568 

4.90 

32.00 

Died 

Died 

92 

89-12 

HI-6 

1586 

5.80 

34.70 

Died 

Died 

135 

89-12 

HI-6 

1572 

4.50 

42.10 

Died 

Died 

570 

85-18 

2-PAM 

4E9 

3.40 

19.90 

Lived 

Lived 

• 

85-18 

2- PAM 

463 

2.70 

20.00 

Lived 

Lived 

« 

85-18 

2-PAM 

3330 

4.40 

20.10 

Lived 

Lived 

• 

85-18 

2-PAM 

DES55 

5.40 

20.20 

Lived 

Lived 

• 

85-18 

2-PAM 

827C 

4.30 

21.80 

Lived 

Lived 

85-18 

2-PAM 

4050 

3.50 

21.90 

Lived 

Lived 

* 

85-18 

2-PAM 

S73T 

4.50 

21.90 

Died 

Died 

37 

35-18 

2-PAM 

2GY 

3.20 

21.90 

Died 

Died 

60 

85-18 

2-PAM 

47‘oi 

4.20 

22.50 

Lived 

Lived 

» 

35-13 

2-PAM 

105T 

4.30 

22.80 

Died 

Died 

206 

85-18 

2-PAM 

3KX 

4.0 

23.5 

Died 

Died 

33 

85-13 

2-PAM 

2153 

5.0 

23.9 

Died 

Died 

60 

85-18 

2-PAM 

4E1 

3.1 

24.0 

Lived 

Lived 

• 

85-18 

2-PAM 

0278 

4.9 

24.1 

Died 

Died 

113 

85-18 

2-PAM 

3990 

4.3 

24.3 

Oied 

Oied 

201 

85-18 

2-PAM 

0270 

4.4 

24.4 

Oied 

Died 

78 

85-18 

2-PAM 

4GV 

3.2 

24.5 

Lived 

Lived 

• 

85-18 

2-PAM 

3150 

3.8 

25.4 

Lived 

Lived 

• 

85-18 

2-PAM 

C603 

4.6 

25.9 

Died 

Died 

142 

85-18 

2-PAM 

0238 

3.8 

26.2 

Lived 

Lived 

• 

85-18 

2-PAM 

45S 

2.7 

26.2 

Lived 

Lived 

• 

85-18 

2-PAM 

0030 

4.6 

26.4 

Lived 

Lived 

• 

85-18 

2-PAM 

E42 

3.1 

26.6 

Lived 

Lived 

• 

85-18 

2-PAM 

2JG 

3.2 

28.4 

Died 

Died 

55 

85-18 

2-PAM 

904C 

3.6 

29.2 

Died 

Died 

355 

85-13 

2-PAM 

1200 

4.7 

30.0 

Died 

Oied 

480 

35-13 

2-PAM 

0700 

4.0 

30.0 

Lived 

Lived 

85-18 

2-PAM 

830T 

3.5 

34.7 

Died 

Oied 

325 

<•>  Tir 

*  w  <- 

es  to  death  are  approximated  for  some  animals  dying  at 
•;-ve tic”!  *.ere  not  teing  made  continuously. 

later  times 

when 

TABLE  2.  PARAMETER  ESTIMATES  AND  MODEL  RESULTS  FROM  FITTING 
COMMON  SLOPE  PROSIT  DOSE-RESPONSE  MOOEL  TO  THE  48-HR 
LETHALITY  RESULTS  FROM  SIX  GROUPS  OF  MONKEYS 


Dependent  Variable 

Non-Linear  Least  Squares  Summary  Statistics  (48-Hr  Lethality) 


Source 

OF 

Weiqhted  SS 

Weiqhted  MS 

Regression 

7 

370,399.89 

52,914.27 

Residual 

113 

90.97 

0.81 

Uncorrected 

Total  120 

370,490.86 

^Corrected  Total)  119 

160,103.31 

Sum  of  Loss 

101.57 

Asymptotic 

95  Percent 

Asymptotic 

Confidence 

Interval 

Parameter(,) 

Estimate 

Standard  Error 

Lower 

f  Upper 

81 

11.42 

2.20 

7.07 

15.77 

BOl 

-  8.48 

2.62 

-13.67 

-  3.28 

B02 

-  4.90 

1.89 

-  8.64 

-  1.17 

B03 

-  3.88 

1.74 

-  7.32 

-  0.44 

B04 

-  5.19 

2.00 

-  9.16 

-  1.22 

B05 

-  7.98 

2.61 

-13.15 

-  2.81 

B06 

-10.95 

3.06 

-17.01 

-  4.90 

G1  is  the  estimate  of  the  common  slope,  BOl  is  the  estimate  of  the 
intercept  for  the  untreated  monkeys  in  Task  85-18,  B02  is  the  estimate  of 
the  intercept  for  the  untreated  monkeys  in  Task  87-34,  803  is  the  estimate 
of  the  intercept  for  the  untreated  monkeys  in  Task  89-12,  B04  is  the 
estimate  of  the  intercept  for  MM8-4  treated  monkeys  in  Task  89-12,  BOS  is 
the  estimate  of  the  intercept  for  HI-6  treated  monkeys  in  Task  89-12,  and 
606  is  the  estimate  of  the  intercept  for  2-PAM  treated  monkeys  in 
Task  85-18. 
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13 

some  nonkeys,  since  statistical  analyses  of  LDSJs  in  this  report  are  based  on 
GO  doses  calculated  on  weight  differentials  of  syringes  p re-  and  post-dosing, 
whereas  some  previous  results  have  been  based  on  target  doses.  The  48-hr  GO 
LD53  estimated  for  MM3-4  was  determined  to  be  statistically  less  than  the 
43-hr  GO  105J  estimated  for  HI-5  at  the  5  percent  significance  level.  Also, 
the  43-hr  GD  1050  estimated  for  untreated  monkeys  in  Task  85-18  was 
statistically  greater  than  the  48-hr  GD  LD50  for  untreated  monkeys  in 
Task  89-12. 

Because  the  48-hr  GD  LD50  for  untreated  monkeys  in  Task  85-18  was 
determined  to  be  statistically  greater  than  the  48-hr  GD  L0sa  for  untreated 
monkeys  in  Task  89-12,  comparisons  between  monkeys  treated  with  MMB-4,  HI-5, 
or  2-PAM  are  best  made  from  PRs.  The  PR  for  2-PAM  was  calculated  as  the  ratio 
of  the  48-hr  GD  1050  estimated  for  2-PAM  treated  monkeys  in  Task  85-18  to  the 
43-hr  GD  LD5a  estimated  for  untreated  monkeys  in  Task  85-18.  PRs  for  MMB-4 
and  HI-o  were  calculated  as  the  ratios  of  the  48-hr  GD  LD53s  estimated  for 
MMB-4  and  HI-6,  respectively,  in  Task  89-12  to  the  48-hr  GD  LD5S  estimated  for 
untreated  monkeys  in  Task  89-12.  PRs  and  95  percent  confidence  intervals  are 
presented  in  Table  4  for  MMB-4,  HI-6,  and  2-PAM.  While  the  PRs  estimated  for 
HI-6  and  2-PAM  were  determined  to  be  statistically  greater  than  one  (at  the 
5  percent  significance  level),  the  PR  estimated  for  MMB-4  was  determined  to 
not  be  significantly  different  from  one.  Hypothesis  tests  were  conducted  to 
determine  if  the  PRs  determined  for  MMB-4,  2-PAM,  and  HI-6  based  on  48-hr 
lethality  were  statistically  different.  Based  on  pairwise  comparisons  of  the 
logarithms  (In)  of  the  PRs,  the  results  of  the  hypothesis  tests  may  be 
summarized  as  follows: 

(1)  The  PR  calculated  for  HI-6  was  determined  to  be  statistically 

(at  the  5  percent  significance  level)  greater  than  the  PR 
calculated  for  MMB-4.  - — 

(2)  The  PR  calculated  for  HI-6  was  determined  to  be  statistically 
greater  than  the  PR  calculated  for  2-PAM  at  the  10  percent 
significance  level  but  not  at  the  5  percent  significance  level. 

(3)  The  PR  calculated  for  MMB-4  was  determined  to  not  be 
statistically  different  from  the  PR  calculated  for  2-PAM. 
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TABLE  4.  ESTIMATED  PROTECTIVE  RATIOS  FOR  43-HR  LETHALITY  FOR 
MM8-4,  HI-6,  AND  2-PAM 


Protective  Ratio 
for 

Treatment  48-Hr  Lethal ity  95  Percent  C.I. 


MMB-4 

HI-6 

2-PAM 


1.30 

2.23 

1.65 


(0.98,  1.73) 
(1.67,  3.13) 
(1.42,  1.91) 


The  dose-response  relationships  estimated  between  GO  dose  and  48-hr 
lethality  for  MMB-4,  HI-6,  or  2-PAM  treated  monkeys  were  used  to  calculate  the 
lethality  rate  at  two  times  the  48-hr  GO  LDM  of  untreated  monkeys  for  each  * 

treatment.  As  shown  in  Table  S,  the  lethality  rate  calculated  for  HI-6  at  two 
times  the  untreated  48-hr  GO  L0U  was  determined  to  be  statistically  less,  at 
■•he  5  percent  significance  level,  than  the  lethality  rate  calculated  for 
MMB-4.  • 


TABLE  5.  PREDICTED  48-HR  LETHALITY  RATE  AT  TWO  TIMES  UNTREATED 
48-HR  GO  L0U  FOR  MMB-4,  HI -6,  AND  2-PAM 


Treatment 

Task 

Untreated 
48-Hr  GO  LDj, 
for  Task 

GO 

Oose 

Estimated 
Lethality  Rate 
at  GO  Oose 

95  Percent 
C.I. 

MMB-4 

12.0 

0.98 

(0.79,  1.00) 

Hl-5 

12.0 

0.25 

0.03,  0.73) 

2-PAM 

85-18 

mtmm 

30.3 

0.83 

(0.63,  0.95) 

i 
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3.5.2 _ Analysis  of  90-Min,  4-Hr,  and  10-Hr  Lethality  Data 


While  most  of  the  lethalities  observed  in  untreated  animals  or 
animals  treated  with  MMB-4  in  Task  89-12  occurred  shortly  after  GD  exposure, 
only  four  of  the  11  lethalities  observed  in  animals  treated  with  HI-6  occurred 
within  2  hr  after  GO  exposure.  This  led  to  conjecture  on  the  ability  of  the 
oxime  HI-6  to  delay  death.  Consequently,  48-hr  lethality  may  not  be  the 
endpoint  best  suited  for  discriminating  between  the  efficacies  of  MMB-4,  HI-6, 
and  2-PAM,  and,  therefore,  lethality  at  other  times  was  also  investigated. 

Probit  dose-response  models  in  log  GO  dose  were  fitted  to  the  data 
from  six  groups  of  monkeys  (85-18/untreated,  87-34/untreated,  89-12/untreated, 
89-12/MMB-4,  89-12/HI-6,  and  85-18/2-PAM)  using  both  90  min  lethality  and  4-hr 
letha  lty  as  the  measured  response.  These  models  assumed  that  the 
dose-response  relations  for  the  six  groups  of  monkeys  had  a  common  slope  but 
different  intercepts.  There  were  strong  indications,  however,  of  a  lack  of 
fit  of  the  common  slope  model  for  both  the  model  fitted  to  the  90  min 
lethality  data  and  the  model  fitted  to  the  4-hr  lethality  data,  i.e.,  the 
hypothesis  of  a  common  slope  for  the  dose-response  relationships  of  the  six 
groups  of  animals  was  rejected  at  the  5  percent  significance  level.  Further 
analysis  indicated  that  the  lack  of  fit  for  both  the  SO-min  and  the  4-hr 
lethality  data  was  due  to  th*  absence  of  a  dose-respcnse  relationship  between 
lethality  at  these  times  and  GD  dose  for  animals  treated  with  HI-6  or  2-PAM. 

Because  it  was  not  possible  to  estimate  adequately  the  dose-response 
relationships  for  HI-6  and  2-PAM  from  either  the  90-min  or  the  4-hr  lethality 
data,  the  incidence  of  death  was  examined  at  alternative  timepoints.  Figure  2 
displays  a  plot  of  the  times  to  death  of  nonsurvivors  in  each  group  of 
monkeys.  Results  displayed  in  Figure  2  suggested  that  lethality  at  10  hr 
might  be  better  suited  for  discriminating  among  treatment  efficacies  of  MMB-4, 
HI-6,  and  2-PAM.  Therefore,  a  probit  dose-response  model  in  log  GD  dose  was 
fitted  to  10-hr  lethality  data  from  the  six  groups  of  monkeys  This  model 
assured  that  the  dose-response  relations  for  the  six  groups  of  monkeys  had  a 
comrcn  slope  but  different  intercepts.  Ten-hr  lethality  data  are  displayed  in 
the  seventh  column  of  Table  1,  and  parameter  estimates  and  results  from 
fitting  the  common  slope  model  to  these  data  are  summarized  in  Table  6.  The 


TAEL£  6.  PARAMETER  ESTIMATES  AND  MODEL  RESULTS  FfiCH  FITTING 
COMMON  SLOPE  PROSIT  DOSE-RESPONSE  MOQEL  TO  THE  IO-HR 
LETHALITY  RESULTS  FROM  SIX  GROUPS  OF  MONKEYS 


Dependent  Variable 

Non-Linear  Least  Squares  Summary  Statistics  (10-Hr  Lethality) 


Source 

OF 

Weighted  SS 

Weighted  MS 

Regression 

7 

64,435.55 

9,205.03 

Residual 

113 

109.51 

0.97 

Uncorrected 

Total 

120 

64,545.06 

(Corrected  Total) 

119 

43,829.83 

Sum  of  loss 

115.26 

Asymptotic  95 

Percent 

Asymptotic 

Confidence 

Interval 

Parameter*'1 

Estimate 

Standard  Error 

Lower 

Upper 

81 

8.24 

1.64 

4.99 

11.49 

801 

• 

4.90 

1.97 

-  8.3T 

-  0.99 

B02 

• 

2.33 

1.43 

-  5.22 

•  0.46 

803 

• 

1.84 

1.36 

-  4.54 

-  0.86 

804 

• 

2.76 

1.53 

-  5.89 

-  0.37 

805 

• 

5.64 

2.21 

-10.02 

-  1.26 

B06 

• 

6.53 

2.29 

-11.07 

-  2.00 

81  is  the  estimate  of  the  common  slope,  801  is  the  estimate  of  the 
intercept  for  the  untreated  monkeys  in  Task  85-18,  B02  is  the  estimate  of 
the  intercept  for  the  untreated  monkeys  in  Task  87-34,  803  is  the  estimate 
of  the  intercept  for  the  untreated  monkeys  in  Task  89-12,  804  is  the 
estimate  of  the  intercept  for  MM8-4  treated  monkeys  from  Task  89-12,  805 
is  the  estimate  of  the  intercept  for  HI-6  treated  monkeys  in  Task  89-12, 
and  806  is  the  estimate  of  the  intercept  for  2-PAM  treated  monkeys  in 
Task  85-18. 
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estimate  o*  the  common  slope  is  8.24  with  a  standard  deviation  of  1.64.  Based 
on  the  common  slope  model,  predicted  lethality  rate  at  10  hr  versus  GO  dose 
was  plotted  for  untreated  monkeys  and  for  monkeys  treated  with  MMB-4  or  HI-6, 
and  are  presented  in  Figure  3. 

In  addition  to  fitting  a  common  slope  model  to  the  combined  10-hr 
lethality  data  from  the  six  groups  of  monkeys,  separate  probit  models  were 
fitted  to  each  group.  A  hypothesis  test  of  the  adequacy  of  the  common  slope 
assumption  was  performed  by  comparing  the  fits  from  the  common  slope  and 
separate  slopes  models.  8ased  on  the  results  of  a  log-likelihood  ratio  test, 
the  null  hypothesis  of  a  common  slope  for  the  six  groups  of  monkeys  was  not 
rejected  at  the  5  percent  significance  level. 

The  estimated  parameters  from  the  common  slope  model  were  used  to 
calculate  the  10-hr  GO  L0JJ(  IDM,  and  LD,4  for  each  group  of  monkeys.  Table  7 
displays  the  estimated  percentiles  of  the  dose-response  models  for  each  group 
of  monkeys.  The  10-hr  GO  10M  estimated  for  MMB-4  was  determined  to  be 
statistically  less  than  the  10-hr  GO  L0M  estimated  for  HI-6  at  the 
5  percent  significance  level.  Because  the  10-hr  GO  LDM  for  untreated  monkeys 
in  Task  85-18  was  determined  to  be  statistically  greater  than  the  10-hr  GO 
L0j|  for  untreated  monkeys  in  Task  89-12,  comparisons  between  MMB-4,  HI-6,  and 
2 -PAM  are  best  made  from  PRs.  The  PR  for  2-PAM  was  calculated  as  the  ratio  of 
the  10-hr  GO  LOj,  estimated  for  2-PAM  in  Task  85-18  to  the  10-hr  GO  LDM 
estimated  for  untreated  monkeys  in  Task  85-18.  PRs  for  MM8-4  and  HI-6  were 
calculated  as  the  ratio  of  the  10-hr  GO  lOMs  estimated  for  MMB-4  and  HI-6, 
respectively,  in  Task  89-12  to  the  10-hr  GO  10^  estimated  for  untreated 
monkeys  in  Task  89-12.  PRs  and  95  percent  confidence  intervals  are  presented 
in  Table  8.  While  the  PRs  estimated  for  HI-6  and  2-PAM  were  determined  to  be 
statistically  greater  than  one  (at  the  5  percent  significance  level),  the  PR 
estimated  for  MMB-4  was  determined  to  not  be  significantly  different  from  one. 
Hypothesis  tests  were  conducted  to  determine  if  the  PRs  determined  for  MMB-4, 
2-PAM,  and  HI-6  based  on  10-hr  lethality  were  statistically  different.  Based 
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FIGURE  3.  COMPARISON  OF  PROBiT  DOSE-RESPONSE  NOOELS  ESTIMATED  FOR  10  HR  LETHALITY 
FOR  MHB-4.  III-6.  AND  UNTREATED  MONKEYS  BASED  ON  COMMON  SLOPE  MODEL 


LoglO  (GD  Dose) 
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1  TABLE  8.  ESTIMATED  PROTECTIVE  RATIOS  FOR  1Q-HR  LETHALITY 

I  FOR  MM3-4,  HI-6,  ANO  2-PAM 


» 


<§> 


§ 


Protective  Ratio 
for 

Treatment  10-Hr  Lethality  95  Percent  C.I. 


MMB-4 

1.30 

(0.90, 

1.87) 

HI-6 

2.39 

(1.98, 

4.21) 

2-PAM 

1.58 

(1.30, 

1.91) 

on  pairwise  comparisons  of  the  In  of  the  PRs,  the  results  of  the  hypothesis 
tests  conducted  at  the  5  percent  significance  level  may  be  summarized  as 
follows: 

(1)  The  PR  calculated  for  HI-6  was  determined  to  be  statistically 
greater  than  the  PRs  calculated  for  MM8-4  and  2-PAM. 

(2)  The  PR  calculated  for  MM8-4  was  determined  to  not  be 
statistically  different  from  the  PR  calculated  for  2-PAM. 

The  dose-response  relationships  estimated  between  GD  dose  and  10-hr 
lethality  for  MMB-4,  HI-6,  and  2-PAM  treated  monkeys  were  used  to  calculate 
the  lethality  rate  at  two  times  the  untreated  10-hr  GO  L0M  for  each 
treatment.  As  shown  ’n  Table  9,  the  lethality  rate  calculated  for  HI-6  at  two 
times  th»  untreated  10-hr  GO  LD^  was  determined  to  be  statistically  less,  at 
the  5  percent  significance  level,  than  the  lethality  rates  calculated  for 
MMB-4  and  2-PAM. 
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TABLE  3.  PREDICTED  10-HR  LETHALITY  RATE  AT  TWO  TIMES  UNTREATED  1 

10-hR  GO  L053  FOR  MMB-4,  HI-o.  AND  2-PAM  ,-j. 


Treatment 

Task 

Untreated 
10-Hr  GO  LD5j 
for  Task 

GO 

Dose 

Estimated 
Lethality  Rate 
at  GO  Oose 

95  Percent 
C.I. 

MMB-4 

89-12 

6.3 

13.5 

0.94 

(0.66,  1.00) 

HI-5 

39-12 

6.8 

13.5 

0.09 

(0.31,  0.42) 

2-PAM 

85-18 

15.9 

31.8 

0.80 

(0.59,  3.93) 

3.5.3  Analysis  of  the  Times  to  Death 


While  the  analysis  of  the  48-hr  lethality  data  provided  only 
indications  that  HI-6  was  more  efficacious  than  2-PAM,  the  PR  estimated  for 
HI-6  was  determined  to  be  statistically  greater  than  the  PR  estimated  for 
2-PAM  based  on  10-hr  lethality  data.  It  is  of  interest,  therefore,  to  compare 
the  times  to  death  for  MMB-4,  HI-6,  and  2*PAM  treated  monkeys.  Times  to  death 
for  the  animals  studied  in  these  tasks  are  displayed  In  the  last  column  of 
Table  1.  Times  to  death  were  treated  as  right  censored  at  48  hr  for  animals 
that  survived  the  48-hr  observation  period.  This  means  that  the  time  to  death 
was  not  known  but  would  have  been  greater  than  or  equal  to  the  assigned  value 
if  the  observation  period  had  been  lonqer.  Natural  In  of  the  times  to  death 
were  modeled  a.>  a  linear  function  of  the  In  of  normalized  GO  doses  for  MM8-4, 
HI-6,  and  2-PAM.  8ecause  the  48-hr  GO  LDje  for  untreated  monkeys  in 
Task  85-18  was  statistically  greater  than  the  48-hr  GD  LD50  for  untreated 
monkeys  in  Task  89-12,  GO  doses  were  normalized  by  the  48-hr  GO  LDjas:  GO 
doses  were  divided  by  15.1  pg/kg  for  animals  treated  with  2-PAM  in  Task  85-18, 
and  GD  doses  were  divided  by  6.0  pg/kg  for  animals  treated  with  MMB-4  or  HI-6 
in  Task  89-12.  This  modal  assumed  that  the  re’ationships  between  In  time  to 
death  and  In  normalized  GO  dose  had  a  common  slope  but  different  intercepts. 


23 


Parameter  estimates  and  results  from  fitting  the  common  slope  model  to  this 
data  are  summarized  in  Table  10. 


TABLE  10.  PARAMETER  ESTIMATES  ANO  MODEL  RESULTS  FOR  LN-LN  REGRESSION 
MODEL  BETWEEN  TIMES  TO  DEATH  AND  GO  DOSE 


Standard 


Variable 

OF 

Estimate 

Error 

Chi  Square 

P>Chi 

Label/Value 

301 

1 

8.70 

1.07 

66.4 

0.0001 

MMB-4  Intercept 

B02 

1 

12.11 

1.69 

51.5 

0.0001 

HI-6  Intercept 

B03 

1 

9.64 

0.851 

123.3 

0.0001 

2-PAM  Intercept 

SI 

1 

-4.38 

1.17 

14.0 

0.0002 

Slope  Coefficient 

a 

1 

2.58 

0.363 

Standard 
deviation  of 
times  to  death 

Estimated  Covariance 

Matrix 

601 

B02 

B03 

B1  ... 

a 

801 

1.1399 

1.0336 

0.4476 

-0.7840 

0.1136 

902 

1.0336 

2.8497 

0.9792 

-1.7874 

0.2933 

B03 

0.4476 

0.9792 

0.7238 

-0.7394 

0.1333 

81 

-0.7840 

-1.7874 

-0.7394 

1.3715 

-0.1255 

a 

0.1196 

0.1933 

0.1303 

-0.1255 

0.1318 

The  estimated  parameters  of  the  In-In  regression  model  were  used  to 
predict  the  time  to  death  at  a  normalized  GD  dose  of  2  for  each  treatment,  and 
these  values  are  displayed  in  Table  II  for  MM8-4,  HI-6,  and  2-PAM. 

Statistical  hypothesis  tests  were  conducted  to  determine  if  the  predicted 
times  to  de.th  at  2  normalized  GD  doses  were  significantly  different  for  the 
three  treatments.  Based  on  pairwise  comparisons  of  the  In  of  the  predicted 
times  to  death,  the  results  of  the  hypothesis  tests  may  be  .ummarized  as 
follows: 
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(1)  The  predicted  time  to  death  at  a  normalized  GO  dose  of  2  for 
HI-6  was  determined  to  be  statistically  greater  than  the 
predicted  time  for  MM3 -4  at  the  5  percent  significance  level. 

(2)  The  statistical  significance  of  the  difference  between 
predicted  times  to  death  at  2  normalized  GD  doses  for  HI-6  and 
2 -PAM  was  marginal:  the  observed  significance  level  was 
calculated  to  be  0.052. 

(3)  The  difference  between  predicted  times  to  death  at  2  normalized 
GO  doses  for  MMB-4  and  2-PAM  was  determined  to  not  be 
statistically  significant. 


TABLE  II.  PREDICTED  TIMES  TO  DEATH  AT  TWO  TIMES  UNTREATED 
48-HR  GO  L0j|  FOR  MMB-4,  HI-6,  AND  2-PAM 


Treatment 

GO  Dose 

Normal ized 

GO  Dose 

Predicted  Time 
to  Oeath 
(min) 

95  Percent  C. I . 
(min) 

Atr/MMB-4 

12.0 

2 

290 

(  55.  1,500) 

Atr/HI-6 

12.0 

2 

8,700 

(1,200,  65,000) 

Atr/2-PAM 

30.3 

2 

730 

(  230,  2,400) 

3.5.4  Analyses  of  Clinical  Signs  Data 

The  procedures  used  for  monitoring  clinical  signs  were  modified  from 
those  used  in  Task  85-18,  and  therefore  only  the  37  monkeys  tested  in 
Task  89-12  were  included  in  the  analysis  of  clinical  signs.  The  objecti.e  of 
the  analysis  of  the  clinical  signs  was  to  determine  if  statistically 
significant  differences  in  onset  and/or  duration  of  subletha!  responses  in 
monkeys  treated  with  MMB-4  and  HI-6  existed.  Each  animal  was  continuously 
monitored  for  clinical  signs  of  GD  intoxication  during  the  first  4  hr 
following  GO  challenge,  and  at  decreasing  frequencies  during  the  following 
intervals  thereafter:  4-6  hr,  6-8  hr,  8-12  hr,  12-24  hr,  24-36  hr,  and 
35-28  hr. 
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Cl'nical  signs  compiled  for  statistical  analyses  were  onset  and 
cessation  times  of  tremors,  convulsions,  and  prostration.  Annotated  clock 
times  from  tne  clinical  signs  observation  sheets,  and  letter  codes  designating 
the  observation  interval  in  which  events  were  observed  are  given  in  Table  12 
for  time  to  death,  and  onset  and  cessation  of  tremors,  convulsions,  and 
prostration.  Because  observations  were  not  made  continue. ly  after  the  first 
4  hr,  the  length  of  the  observation  period  used  in  statistical  analyses  for 
cessation  of  tremors  and  convulsions  was  restricted  to  the  first  4  hr 
following  GO  injection.  Because  of  similarities  in  response  across  treatment 
groups,  onset  and  cessation  times  of  prostration  for  animals  that  died  within 
43  hr  were  not  used  in  the  analyses  and  are  not  shown  in  Table  12.  Table  13 
displays  numbers  of  animals  in  various  time  categories  for  times  to  death  and 
times  to  onset  of  tremors,  convulsions,  and  prostration.  For  those  animals 
that  exhibited  tremors  or  convulsions,  the  majority  of  onset  times  occurred 
between  0  and  15  min,  and  because  of  the  large  number  of  animals  that  Died 
prior  to  48  hr,  the  amount  of  data  for  onset  of  prostration  was  limited. 
Frequency  counts  did  not  reveal  any  potential  treatment  group  effects  for 
these  data,  and,  therefore,  no  further  statistical  analyses  were  done  for  the 
onset  times. 

The  clinical  signs  chosen  for  statistical  modeling  and  analyses  wore 
durations  of  tremors,  convulsions,  and  prostration.  When  both  onset  and 
cessation  times  were  noted,  duration  was  calculated  as  the  difference  between 
the  cessation  and  onset  times  using  the  annotated  clock  times.  Clock  times 
wv-re  not  recorded  for  cessation  of  tremors,  so  midpoints  of  the  time  interval 
in  which  tremors  were  last  observed  were  used  to  calculate  duration  of 
tremors.  If  a  clinical  sign  was  not  exhibited  during  the  observation  period 
and  the  animal  lived  throughout  the  observation  period,  then  the  duration  was 
set  equal  to  zero.  Ourations  were  treated  as  right  censored,  i.e.,  durations 
were  set  equal  to  the  length  of  the  observation  period  sinus  the  onset  time 
for  animals  that  exhibited  the  Sign  throughout  the  observation  period  (animal 
lived)  and  were  set  equal  to  the  end  of  the  observation  period  in  which 
animals  died  minus  the  onset  time  for  nonsurvivors. 
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TA3LE  13.  SUMMARY  OF  ONSET  TIMES  FOR  TREMORS,  CONVULSIONS, 
ANO  PROSTRATION 


Treatment 

Group 

N 

Number 
Survived 
>4  hr 

Number 
Survived 
>48  hr 

Time  to 
Tremors 
0*15  min 

Time  to 
Tremors 

15  min-4  hr 

Tremors 

Not  Observed 
in  4  hr 

Untreated 

9 

6 

S 

7 

1 

1 

MM8-4 

12 

6 

5 

10 

0 

2 

HI -6 

16 

10 

S 

16 

0 

0 

Treatment 

Group 

Time  to 
Convulsions 

0*15  min 

Time  to 
Convulsions 

15  ain-4  hr 

Convulsions 

Not  Observed 
in  4  hr 

Untreated 

5 

2 

2 

MMB-4 

8 

1 

3 

Hl-6(,) 

13 

0 

2 

Treatment 

Group 

Time  to 
Prostration 

0-15  min 

Time  to 
Prostration 

15  min-48  hr 

Prostration 

Not  Observed 
in  48  hr 

Untreated 

1 

2 

2 

MM8-4 

1 

1 

3 

HI-6 

4 

0 

I 

.  • 


» 


Animal  #89*1632  died  prior  to  4  hr  without  exhibiting  convulsions 
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Regression  models  were  fitted  to  the  duration  data  for  tremors, 
convulsions,  and  prostration  using  duration  as  the  response  variable  and  In  GD 
dose  and  treatment  group  as  the  independent  variables.  For  each  sign, 
regression  modd s  were  fitted  both  to  the  data  from  all  the  animals  and  to  the 
data  from  survivors  only.  Table  14  summarizes  the  results  for  statistical 
models  fitted  to  the  duration  of  clinical  signs  data.  For  each  fitted  model, 
the  estimated  slope  of  the  regression  model  and  its  standard  error  are 
displayed  in  the  third  column  of  the  table.  Slopes  determined  to  be 
statistically  different  from  zero  at  the  5  percent  significance  level  are 
noted  by  asterisks.  A  hypothesis  test  was  conducted  for  each  fitted  model  to 
determine  if  any  statistically  significant  differences  existed  between  the 
duration  times  for  the  three  groups  of  monkeys  based  on  the  fitted  model. 
Outcomes  of  the  hypothesis  tests  are  shown  in  the  fourth  column  of  the  table. 
The  estimated  parameters  of  the  regression  models  were  used  to  predict  the 
average  duration  times  of  signs  for  a  GO  dose  of  12.0  jtg/kg  (two  times  the 
43-hr  LDjj  for  untreated  monkeys  of  Task  89-12)  for  each  treatment.  The 
predicted  group  means  together  with  95  percent  confidence  intervals  are  shown 
in  the  last  three  columns  of  Table  14. 

When  models  were  fitted  to  the  data  from  all  the  animals,  the 
estimated  regression  slope  was  significantly  greater  than  zero  for  all  three 
signs.  That  is,  durations  of  tremors,  convulsions,  and  prostration  were 
predicted  to  increase  with  increasing  GO  dose.  Also,  the  durations  of 
convulsions  and  prostration  showed  significant  differences  among  the  three 
groups  of  monkeys.  Mean  duration  times  predicted  for  animals  given  12.0  ^9/kg 
GO  exhibited  the  same  relative  ordering  among  the  treatment  qroups  for  each 
clinical  sign:  mean  duration  time  predicted  for  HI-6  treated  animals  was  less 
than  the  mean  duration  time  predicted  for  MM8-4  treated  animals  which  was  less 

than  the  mean  duration  time  predicted  for  untreated  animals. 

When  the  models  were  fitted  to  the  data  from  survivors  only, 
estimated  regression  slopes  were  not  statistically  significantly  different 
from  zero  for  any  of  the  three  signs.  In  fact,  estimated  slopes  were  negative 

fer  durations  of  tremors  and  convulsions,  suggesting  that  duration  times 

decrease  with  increasing  GC  dose.  The  large  standard  errors  associated  with 
these  negative  slopes,  however,  imply  that  this  conclusion  may  not  be 


i 


36 

warranted.  Treatment  group  effects  were  determined  to  be  statistically 
insignificant  for  any  of  the  three  signs.  Confidence  intervals  for  the  mean 
duration  times  predicted  for  each  treatment  group  were  very  wide,  with 
considerable  overlap  among  the  treatment  groups. 

In  summary,  when  the  regression  models  were  fitted  to  the  data  from 
all  animals,  the  trends  estimated  between  duration  times  and  GO  dose  and 
treatment  group  were  similar  for  all  three  clinical  signs.  Furthermore,  the 
patterns  of  association  between  duration  times  and  GO  dose  and  treatment  group 
strongly  resembled  those  estimated  from  the  48-hr  lethality  data. 

Specifically  these  results  are: 

(1)  Durations  were  significantly  related  to  GO  dose  with  durations 
predicted  to  increase  with  higher  GO  doses. 

(2)  Durations  differed  significantly  among  treatment  groups;  mean 
durations  were  shorter  for  HI -6  treated  animals  than  for  MMB-4 
treated  animals,  which  were  in  turn  shorter  than  for  untreated 
animals. 

When  the  regression  models  were  fitted  to  the  data  from  the 
survivors  only,  durations  were  not  statistically  significantly  associated  with 
either  GO  dose  or  treatment  group.  The  dissimilarity  between  the  results 
based  on  all  the  data  and  those  based  on  survivors  only  indicate  that  the  data 
from  nonsurvivors  strongly  influenced  the  outcome  of  models  fitted  to  both 
survivors  and  nonsurvivors  combined. 

4,0  CONCLUSIONS 

Dose-response  experiments  were  carried  out  in  Task  89-12  to 
determine  the  48-hr  GD  LD^s  for  untreated  rhesus  monkeys  and  monkeys  treated 
with  atropine/HI-6  or  atropine/MM8-4.  The  48-hr  GD  IDM  was  estimated  to  be 
6.0  M9/k9  ih  untreated  monkeys,  7.8  /*g/kg  in  atropine/HH8-4  treated  monkeys, 
and  13.7  *g/k g  in  animals  treated  with  atropine/HI-6.  Based  on  the  48-hr 
lethality  data,  HI-6  was  determined  to  be  statistically  significantly  more 
effective  than  MMB-4  in  treating  GD  intoxication.  PRs  estimated  from  48-hr 
lethality  data  for  atropine/MMB-4  and  atropine/HI-6  treated  monkeys  were 
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statistically  compared  to  the  PR  in  monkeys  for  atropine/2-PAM  estimated  from 
the  d8-hr  lethality  data  of  Task  85-18.  While  the  PR  calculated  for  HI-5  *as 
larger  than  the  PR  calculated  for  2-PAM,  the  difference  was  determined  to  not 
be  statistically  significant  at  the  5  percent  significance  level. 

Times  to  death  observed  for  animals  treated  with  atropine/HI-6  were 
substantially  longer  than  the  times  to  death  observed  in  untreated  animals  or 
animals  treated  with  atropine/MMB-4  in  Task  89-12.  Therefore,  dose-response 
models  were  fitted  to  the  lethality  data  using  a  range  of  timepoints.  Based 
on  lethality  at  10-hr  data,  atropine/HI-6  was  determined  to  be  statistically 
(5  percent  significance  level)  more  effective  than  atropine/MMB-4  in  treating 
GO  intoxication.  PRs  estimated  from  the  10-hr  lethality  data  for  MMB-4  and 
HI-6  were  statistically  compared  to  the  PR  estimated  from  the  10-hr  lethality 
data  in  Task  85-18  for  atropine/2-PAM.  The  PR  calculated  from  the  10-hr 
lethality  data  for  atropine/HI-6  was  statistically  greater  (at  the  5  percent 
significance  level)  than  the  PRs  calculated  from  10-hr  lethality  data  for 
atropine/MM8-4  and  atropine/2-PAM. 

Durations  of  tremors,  convulsions,  and  prostration  were  determined 
to  be  statistically  significantly  related  to  GO  dose  only  when  the  analysis 
utilized  results  from  both  survivors  and  nonsurvivors.  Trends  and  comparisons 
derived  from  models  fitted  to  the  duration  data  mirrored  results  from  analysis 
of  the  time  to  death  data.  When  the  models  were  refitted  to  data  using  only 
the  survivors,  duration  of  tremors,  convulsions,  and  prostration  were 
determined  to  not  be  statistically  significantly  related  to  either  GO  dose  or 
treatment  group. 

Twenty-five  monkeys  were  necropsied:  seven  injected  with  GO  and 
given  no  treatment,  seven  injected  with  GD  and  treated  with  atropine/MMB-4, 
and  11  treated  with  atropine/HI-6.  Only  three  monkeys  which  survived  more 
than  48  hr  following  GO  injection  were  sacrificed  in  moribund  condition,  and 
none  of  these  three  monkeys  had  received  any  therapy.  No  gross  lesions  were 
usually  detected,  which  is  compatible  with  death  or  moribundity  due  to  GO 
intoxication.  Neither  atropine/MMB-4  nor  atropine/HI-6  therapy  appeared  to 
alter  the  gross  appearance  of  organs  or  tissues  from  that  seen  in  monkeys 
exposed  to  GO  and  given  no  treatment. 
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5.0  RECORD  ARCHIVES 

Forty-seven  monkeys  for  use  in  Task  89-12  arrived  at  Battel le  on 
February  13,  1990.  L0y  studies  were  run  between  March  20  and  April  4,  1990. 
Oxime  efficacy  study  dosing  occurred  from  April  17  to  June  12,  1990.  Records 
pertaining  to  the  conduct  of  this  study  are  contained  in  Battel le  laboratory 
record  books  which  are  specific  for  this  task.  These  record  books  are  clearly 
labeled  as  to  contents  of  each  volume  and  include  pre-study  animal  quarantine 
and  observation  records  as  well  as  all  study  data.  These  records  and  the 
final  report  will  be  maintained  at  the  MR£F  until  acceptance  of  the  final 
report  by  the  U.S.  Army.  At  that  time,  records  will  be  forwarded  to  the 
U.S.  Army  or  archived  at  Battel le.  Agent  and  oxime  dosing  solutions  are 
unstable  under  prolonged  storage  and  have  been  destroyed.  Slides  of  tissue 
samples  taken  at  necropsies  will  be  sent  to  the  Amy  or  maintained  at 
Battel le. 
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Characterization  of  Soman  Toxicity  in  Atropine 
and  Oxime  (HI -6  and  MM3-4)  Treated  Rhesus  Monkeys 

Study  Perforated  by  Battel le  Memorial  Institute 
SOS  King  Avenue,  Columbus,  Ohio  43201-2593 


1.  Study  Director:  Carl  T.  Olson,  O.V.M.,  Ph.Q. 


3.  Statistician:  Ronald  G.  Menton,  Ph.O. 

4.  Pathologist:  Allen  W.  Singer,  Q.V.M. 

5.  Study  Veterinarian:  Peter  L.  Jepsen,  O.V.M. 

6.  Sponsor:  U.S.  Army  Medical  Research  and  Development  Command  (USAMROC) 

7.  Sponsor  Monitor:  MAJ  James  R.  Stewart.  O.V.M. ,  U.S.  Army  Medical 

Research  Institute  of  Chemical  Oefense  (USAMRICD) 

8.  Introduction: 

There  is  a  need  for  improved  antidotes,  specifically  oximes,  for 
treatment  of  exposure  to  organophosphate  (OP)  chemical  warfare  agents. 
Although  pralidoxime  chloride  (2-PAM),  the  standard  therapeutic  oxime,  is 
reportedly  effective  against  exposure  to  the  nerve  agents  Sarin  (G8)  and 
VX,  it  is  only  marginally  effective  against  Soman  (GO)  and  Tabun  (GA) 
exposure.  HI-6  and  MM8-4  are  two  oximes  most  likely  to  be  developed  over 
the  next  year  as  replacements  for  2-PAM.  The  decision  as  to  whether  to 
use  either  of  these  oximes  as  a  replacement  for  2-PAM  is  critically 
dependent  on  the  demonstration  of  improved  efficacy  against  GO 
intoxication  in  studies  with  nonhuman  primates. 

9.  Objective: 

The  objective  of  this  study  is  to  characterize  in  Rhesus  monkeys  the 
toxicity  of  GO  when  exposure  is  followed  by  treatment  with  atropine  and 
either  of  the  two  candidate  oximes,  HI-6  or  W8-4,  on  the  basis  of 
lethality,  morbidity,  and  pathology.  Treatment  will  be  administered  at  a 
fixed  time  after  GO  injection  using  a  dose  of  atropine  (as  the  citrate 
salt)  of  0.2  mg  (or  as  used  in  Task  89-08)  atropine  free  base  and  ICO 
^mol  of  candidate  oxime  per  kilogram  of  body  weigh;.  This  study  is 
conduct  id  under  the  Good  Laboratory  Practice  (GLP)  guidelines  of  the  Food 
and  Qrug  Administration  (FDA). 
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10.  Experimental  Oesian: 


A.  Test  System 

(1)  Animals  -  Male  Rhesus  monkeys,  Macaca  mulatta.  of  Indian  origin 
were  specified  for  this  study  because  there  is  considerable 
scientific  evidence  that  the  monkey  is  predictive  of  responses 
in  isan.  Rhesus  monkeys  of  Indian  origin  were  selected  because 
the  majority  of  work  in  this  area  has  been  done  with  monkeys  of 
Indian  origin  and  because  there  is  evidence  that  Rhesus  monkeys 
of  Chinese  origin  respond  somewhat  differently  to  these  study 
conditions  than  those  of  Indian  origin. Monkeys  for  use  in 
this  study  will  be  provided  by  USAMRICD.  Experiments  are 
conducted  in  a  stage-wise  fashion  to  limit  the  number  of  animals 
used  to  the  minimum  necessary  to  achieve  statistically  valid 
results.  Monkeys  are  ol  ierved  for  7  days  following  exposure. 
Discomfort  and  injury  of  animals  are  limited  to  that  which  is 
unavoidable  in  the  conduct  of  scientifically  valuable  research. 
If,  in  the  opinion  of  the  Study  Veterinarian  or  the  Study 
Director,  a  monkey  appears  to  be  in  a  moribund  state  and  in 
pain,  that  animai  will  be  euthanatized  with  sodium  pentobarbital 
or  as  specified  in  Section  10. E.  Anesthetics,  analgesics,  or 
tranqui 1 izers  cannot  be  used  for  the  relief  of  pain  or  anxiety 
in  these  studies  because  they  would  interfere  with  the 
biological  affects  of  the  challenge  agent  or  test  compounds. 
External  stimuli  and  manipulation  are  minimized  to  decrease  any 
associated  anxiety.  Protocols  of  all  experiments  using  animals 
are  reviewed  and  approved  by  Sattelle's  Institutional  Animal 
Care  and  Use  Committee  ( IACUC)  prior  to  initiation  of  the  study. 
The  Program  Director  accepts  responsibility  for  the  proper  care 
and  use  of  animals  in  the  conduct  of  research  described  in 
protocols. 

(2)  Initial  Weioht  •  Monkeys  placed  on  study  weigh  between 
approximately  2  and  5  kg. 

(3)  Quarantine  •  All  primates  received  at  Battel 1e  undergo  at  least 
a  I  month  quarantine  period.  All  animals  are  examined  by  the 
Study  Veterinarian  within  one  week  of  arrival  at  Battelle. 

Blood  samples  are  taken  for  hematology  and  serum  chemistries. 
Fecal  samples  are  taken  for  parasite  infestation  evaluation. 
Three  tests  for  the  presence  of  tuberculosis  are  performed  by 
injecting  tuberculin  intraderaal  ly  in  the  palpebral  skin  at 

2  week  or  longer  intervals. 
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(4)  Animal  Selection  -  Based  on  physical  examinations  and  clinical 
laboratory  findings,  acceptable  animals  are  identified  by  the 
Study  Qirector  and  Study  Veterinarian.  These  animals  are 
randomized,  based  on  body  -eight,  to  obtain  homogeneity  of 
weight  across  treatment  groups. 

(5)  Animal  Identification  *  Animals  are  received  with  tattoos.  If  a 
monkey  arrives  without  a  tattoo  or  with  an  identification  number 
that  duplicates  another  animal's,  a  new  tattoo  will  be  applied. 

(6)  Housing  •  Monkeys  are  housed  individually  in  stainless-steel 
cages,  approximately  24  inches  wide,  34  inches  high,  and 

26  inches  deep,  with  automatic  watering  systems. 

(7)  Acclimation  -  Prior  to  the  ::*rt  of  each  exposure,  monkeys  are 
acclimated  to  placement  on  a  slotted,  V-shaped  platform  where 
arms  and  legs  can  be  restrained  by  means  of  lanyards.  This  is 
used  when  obtaining  body  weights  and  blood  samples  (femoral 
venipuncture)  and  for  restraint  when  injections  are  made. 

(8)  Lighting  •  Fluorescent  lighting  is  used  with  a  light/dark  cycle 
of  12  hr  each  per  day. 

(9)  Temperature  -  Monkey  room  temperatures  are  maintained  at 
77  *  5  F. 

(10)  Humidity  -  Relative  humidity  of  monkey  rooms  is  maintained  at  . 
50  *  10  percent. 

(11)  Diet  •  Purina  certified  monkey  chow  biscuits  are  fed  twice  daily 
and  are  periodically  supplemented  with  fresh  fruit.  Ho 
contaminants  that  would  interfere  with  the  results  of  the  study 
are  known  to  be  present  in  the  feed.  Analyses  of  the  feed  can 
be  obtained  from  Purina. 

(12)  Hater  •  Hater  is  supplied  from  the  Battelle  water  system  and 
given  ad  1 ibitum  through  automatic  watering  systems.  No 
contaminants  that  would  interfere  with  the  results  of  the  study 
are  known  to  be  present  in  the  water.  Hater  is  analyzed 
quarterly  for  potability  and  annually  for  contaminants. 

(13)  8attel1e's  Animal  Resources  Facilities  have  been  registered  with 
the  .  S.  Department  of  Agriculture  (USOA)  as  a  Research  Facility 
(Numf  Jl-21)  since  August  14,  1967,  and  are  periodically 
insp...ed  •?  accordance  with  the  provisions  of  the  Federal 
Animal  welfare  Act.  In  addition,  animals  for  use  in  research 
are  obtained  only  from  laboratory  animal  suppliers  duly  licensed 
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by  the  USOA.  Battel le's  statement  of  assurance  regarding  the 
Department  of. Health  and  Human  Services  (DHH.i)  policy  on  humane 
care  of  .aooratory  animals  was  accepted  by  the  Office  of 
Protection  from  Research  Risks,  National  Institutes  of  Health  on 
August  27,  1971.  Animals  at  Battel !•  art  cared  for  in 
accordance  with  the  guidelires  set  forth  in  the  “Guide  for  the 
Care  and  Use  of  Laboratory  Animals*  (OHHS  Publication  No.  (NIH) 
85-23)  and/or  in  the  regulations  and  standards  as  promulgated  by 
the  Agricultural  Research  Service,  USDA,  pursuant  to  the 
Laboratory  Animal  Welfare  Act  of  August  2$,  1966  as  amended 
(P.L.  89-544  and  P.L.  91-S79). 

(14)  On  January  31.  1978,  Battelle  received  full  accreditation  of  its 
animal  care  programs  and  facilities  from  the  American 
Association  for  Accreditation  of  Laboratory  Animal  Care 
(AAALAC) .  Battel le's  full  accreditation  status  has  been,  renewed 
after  every  inspection  since  the  original  accreditation.  The 
HREF  is  a  part  of  the  facilities  granted  full  accreditation. 

8.  Test  Material 

(1)  Treatment  Compounds  -  Treatment  compounds,  atropine,  HI-6,  and 
MM8-4,  are  provided  by  USAMRICD.  Identity  and  determination  of 
concentration  of  atropine  solutions  are  performed  at  8attelle. 

No  identity  or  purity  confirmations  will  b*  accomplished  cm  HI -6 
or  MM8-4  at  Battelle. 

(2)  Chemical  Agent  -  GO  is  supplied  by  USAM8IC0.  Purity, 
appropriate  identification  (batch  numoer,  lot  number,  state), 
and  stability  data  are  provided  by  USAMRICO.  Purity  and 
stability  of  agent  stored  at  Battelle  is  periodically  confirmed 
by  Battelle  personnel. 

(3)  Surety,  security,  and  safety  procedures  for  the  use  nf  chemical 
agents  are  thoroughly  outlined  in  facility  plans,  in  personnel 
requirements  for  qualification  to  work  with  chemical  surety 
miteriel  (CSM),  and  in  standard  operating  procedures  for  storage 
and  use  of  CSM. 

C.  Test  Groups 

(1)  Initial  Tests  to  Confirm  LDU 

No  more  than  $  monkeys  are  used  to  aoproximate  the  48  hr  GO  LDS| 
in  ammais  given  no  treatment.  This  is  accomplished  in  a 
modified  uo-do«>n  type  experiment,  challenging  I  or  2  monkeys  per 
day.  If  after  I  or  more  monkeys  have  been  challenged,  the 
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estimated  GO  ID,,  in  this  study  falls  within  the  95  percent 
confidence  limits  of  the  historic  3attelle  SO  ID,,  in  Indian 
Rhesus  monkeys,  the  historic  LOj,  will  be  accepted  for  this 
group  of  animals. 

(2)  Treatment  Efficacy  of  HI-6  or  Given  in  Conjunction  with 
Atropine 

Using  varying  doses  of  GO,  as  recommended  by  the  study 
statistician,  groups  of  equal  numbers  of  monkeys  will  be 
challenged  with  GO  and  treated  with  atropine  and  ICO  ^mol  of 
either  HI-6  or  MM8-4  per  kilogram  body  weight  at  a  time  after 
exposure  provided  by  the  Sponsor  Monitor.  GO  will  be  injected 
in  the  right  leg  in  the  posterior  tibia!  area  in  the  region  of 
the  gastrocnemius  muscle  at  a  site  clipped  of  hair  and  pre- 
urked .  Atropine  and  oximes  will  be  injected  intramuscularly  in 
succession  at  separate  sites  2  to  3  cm  distant  from  each  other 
in  the  Quadriceps  femoris  muscle  of  the  left  leg.  Atropine 
injections  will  be  made  with  r  solution  containing  approximately 
2.3  mg  free  base/nL.  HI-6  is  injected  at  a  volume  of  0.1  rat/kg 
using  a  water  solution  containing 

378  mg  of  HI-6/mL.  ft*8-4  is  injected  at  0.1  mL/kg  using  a  water 
solution  containing  329  mg  of  MMB-4/mL.  Syringes  used  for 
dosing  will  be  Hamilton  microliter  syringes  of  the  smallest 
compatible  volume  (Syringes  are  filled  to  no  more  than 
95  percent  of  labeled  volume.)  to  obtain  maximum  accuracy  in  the 
measurement  of  delivered  dose.  Individual,  labeled  syringes  are 
loaded  with  the  calculated  volume  of  GO  prior  to  the  start  of 
dosing,  weighed  and  placed  on  ice  until  used.  After  dosing  is 
accomplished,  syringes  are  weighed  again  to  determine  the  weight 
loss  and  calculate  the  volume  delivered.  Pre-  and  post-weighing 
of  syringes  will  also  be  accomplished  with  those  used  for  dosing 
atropine,  HI-6,  and  ffl8-4.  On  every  day  of  dosing,  samples  of 
the  GO  stock  used  are  taken  and  chemically  analyzed  by  gas 
chromatography  to  confirm  expected  GO  concentration  of  the 
dosing  solution. 

Monkeys  are  returned  to  their  individual  cages  after  treatments 
have  been  completed  and  are  closely  and  continuously  observed 
for  the  first  4  hr  following  dosing  and  at  intervals  thereafter 
with  observations  annotated  at  6,  8,  12,  24,  36,  and  48  hr  and 
daily  thereafter  to  the  7th  day.  Signs  specifically  monitored 
include  muscle  fasciculat ions,  tremors,  convulsions, 
prostration,  sal ivation/brenchial  discharge,  miosis, 'mydr- isis. 
uncoordinated  movements,  and  death. 


MR  EF  Protocol  56 
Medical  Research  and 
Evaluation  Facility 
Novenoer  17,  1939 
Page  7 


3rain  specimens  to  be  embedded  separately  for  histopathology  are  the 
frontal  cortex,  entorhinal  cortex,  basal  ganglia,  hippocampus, 
thalamus,  aidbrain.  pons,  medulla,  and  cerebellum.  Trimmed  specimens 
are  processed  using  routine  paraffin  embedding  methods.  Sections 
5*3  thick  are  stained  with  hematoxylin  and  eosin  (HIE}  and 
examined  by  an  experienced  veterinary  pathologist.  Pathologic 
findings  are  tabulated.  Selected  special  stains  may  be  requested 
subsequent  to  examination  of  H&E  stained  sections. 

After  necropsy,  animal  remains  are  incinerated.  Surviving  animals 
are  returned  to  USAMRICD. 

11.  Statistical  Approach; 

A  modified  up-down  approach  is  used  to  estimate  the  untreated  43  hr  GO 
10M  in  this  group  of  monkeys.  Monkeys  will  be  dosed  with  GO  one  or  two 
at  *  time,  starting  at  doses  approximating  20  to  80  percent  of  the 
historic  10U.  If  an  animal  dies  at  a  given  dose,  the  dose  the  next 
monkey  receives,  on  a  mg/kg  body  weight  basis,  is  reduced,  and 
conversely,  if  the  first  monkey  lives,  the  next  animal  receives  a  higher 
dose.  Based  on  historic  information  on  the  slope  of  the  GO  dose-lethal 
response  curve  and  probit  analysis  of  data  as  they  are  obtained,  the  best 
doses  for  challenging  succeeding  animals  will  be  selected  by  a 
statistician  in  order  to  most  efficiently  estimate  the  48  hr  GO  L0SJ  in 
the  present  population  of  monkeys.  If,  after  a  minimum  of  2  monkeys  have 
been  challenged,  the  estimated  L0W  falls  within  the  95  percent 
confidence  limits  of  the  SatteUc  historic  Indian  Rhesus  monkey  43  hr  GO 
L0»,  that  historic  l9u  value  will  be  accepted  as  the  approximate  L0SI 
value  for  the  present  population  of  monkeys  and  is  used  to  estimate 
protective  ratios  (LCU  of  treated  aniaals/lDy  of  untreated  monkeys). 

Based  upon  required  sample  site  analyses  to  estimate  the  minimum  number 
of  animals  needed  to  provide  definitive  information  on  protective  ratios, 
a  sample  size  of  20  monkeys  will  be  allxated  for  each  of  the  two 
treatment  oxime/ atropine  therapies.  If  fewer  animals  are  needed  to 
demonstrate  a  protective  ratio  significantly  different  (a  of  0.05)  from 
the  historic  atropine/2-#AM  protective  ratio  and  a  survival  rate  of  at 
least  84  oercent  at  2  x  10M  of  GO,  experimentation  will  cease  at  that 
time.  If  definitive  information  is  not  obtained  using  20  monkeys  per 
treatment  group,  the  use  of  an  additional  ten  monkeys  per  group  may  be 
authorized.  If  it  becomes  apparent  after  at  least  five  animals  have  been 
challenged  and  treated  with  each  regimen  that  a  protective  ratio  of  at 
least  2.5  is  not  being  approximated,  the  study  will  cease  until  further 
guidance  is  obtained  from  USAMRICD  personnel.  Doses  of  GO  will  be 
selected  by  the  study  statistician  to  best  estimate  the  LDj,  and  slope  of 
the  dose-response  curve  in  treated  -onkeys.  Animals  will  oe  dosed  in 
groups,  -ith  equal  numbers  of  antmals  in  each  treatment  group  per  dosing 
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day,  at  the  start  of  the  study  and  the  study  will  continue  in  this  manner 

unless  sufficient  inforaation  is  obtained  for  one  treatment  regimen  but 

not  the  other.  From  the  information  obtained,  probit  analyses  assuming 

both  common  slopes  and  separate  slopes  will  be  performed  and  estimates  ~ 

made  of  48  hr  10U,  10..  and  10M  values.  Protective  ratios  are  also 

calculated.  Signs  of  uD  intoxication  will  be  statistically  analyzed,  as 

feasible,  to  determine  any  differences  in  treatment  efficacy. 

12.  Records  to  be  Maintained: 

A.  CSM  accountability  log  and  inventory  • 

8.  Preparation  of  reagents,  dose  analyses  and  dosage  administration 
C.  Animal  data 

0.  Mortality  data  _ 

E.  Clinical  observations  and  results  of  neurologic  examinations 

F.  Necropsy  and  histopathology  records 

G.  Decontamination,  monitoring,  and  disposal  records. 

» 

13.  Reports: 

A.  A  draft  final  report  is  prepared  within  30  days  after  completion  of 
the  exposures  and  analyses  of  the  data.  The  draft  final  report 
includes: 

(1)  Signature  page  of  key  study  personnel  • 

(2)  Experimental  design 

(3)  Animal  selection  criteria  and  husbandry 

(4)  Test  material  description,  analyses,  preparation,  and  » 

administration  9 

(5)  Clinical  observations,  and  necropsy  and  histopathology  findings 

(6)  Statistical  analyses  of  data 

(7)  Discussions  and  conclusions.  • 

B.  Following  receipt  of  draft  final  report  comments  from  USAMROC,  a 
final  report  will  be  prepared  within  30  days. 
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14.  References: 

(l)  Contract  No.  0AM017-33-C-3129.  Letter  dated  25  July  .1983,  from 
Battel le  to  Commander,  li.S.  Army  Medical  Research  Acquisition 
Activity,  Ft.  Qetrick,  MO,  regarding  results  of  Task  87*34:  “The 
Effect  of  Treatment  Regimens  of  Variable  Concentrations  of  Atropine 
Sulfate  in  Combination  with  Pralidoxime  Chloride  on  the  Survival  of 
Soman-Challenged  Rhesus  Monkeys  Pretreated  with  Pyridostigmine 
Bromide*. 

15.  Approval  Signatures: 


CarlT.  Olson,  S.V.M.,  Ph.O. 
Study  Oi rector 


Site 


Garrett  S.  Oill,  O.V.M." 
Principal  Investigator 


I^^RrrraaaMM 

ngunfl 

Peter  L.  Jjepsen,  O.V.M. 
Study  Veterinarian 


IX  -i-r 7 

Sate 


Ramona  A.  Mayer,  Manner 
Regulatory  Compliance 
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Characterization  of  Soman  Toxicity  in  Atropine  and  Oxime  (HI-6  and  MM8-4) 
Treated  Rhesus  Monkeys 


Protocol  Amendment  No.  1 

Change:  Page  l.  Section  7. 

MAJ  Janes  R.  Stewart,  O.V.M.  is  replaced  with  ITC  Oon  W. 
Korte,  Ph.O. 

Reason:  HAJ  Stewart  was  replaced  by  L.TC  Korte  as  Contracting 

Officer's  Representative. 


Impact  on  Study:  None. 

Changes:  Page  2.  Section  I0.A.(1}. 

‘Male  Rhesus  monkeys,  Macaca  mulatta.  of  Indian  origin  were 
specified  for  this  study  because  there  is  considerable 
scientific  evidence  that  the  monkey  is  predictive  of 
responses  in  man.  Rhesus  monkeys  of  Indian  origin  were 
selected  because  the  majority  of  work  in  this  area  ha;  been 
done  with  monkeys  of  Indian  origin  and  because  there  is 
evidence  that  Rhesus  monkeys  of  Chinese  origin  respond 
somewhat  differently  to  these  study  conditions  than  those  of 
Indian  origin.*11*  is  replaced  with  ‘Male  Rhesus  monkeys, 
Macaca  mulatta.  of  Chinese  origin  are  used  for  this  study 
because  tnere  is  considerable  scientific  evidence  that  the 
monkey  is  predictive  of  responses  in  man.* 

Page  2,  Section  10. A. (2). 

‘Initial  Weight  •  Monkeys  placed  on  study  weigh  between 
approximately  2  and  kg.*  is  replaced  with  ‘Initial 
Weight  •  Monkeys  placed  on  study  weigh  between  approximately 
4  and  7  kg.* 

Page  4-5.  Section  10.C.(i). 

‘If  after  2  or  more  monkeys  have  been  challenged,  the 
estimated  GO  10M  in  this  study  falls  within  the  95  percent 
confidence  limits  of  the  historic  Battel le  GO  10»  in  Indian 
Rhesus  monkeys,  the  historic  10M  will  be  accepted  for  this 
group  of  animals."  is  replaced  with,  "If  after  2  or  more 
monkeys  have  been  challenged,  the  estimated  GO  ID,|  in  this 
study  falls  within  the  95  percent  confidence  limits  of 


HREF  Protocol  56 
Medical  Research  and 
Evaluation  Facility 
March  3.  1990 

recent  Sattelle  GO  LQM  estimates  in  Rhesus  monkeys,  the 
historic  10U  will  be  accepted  for  this  group  of  animals." 

Page  5.  Section  10. C. (2). 

Delete  the  following:  "A  basic  neurologic  examination  of 
each  monkey  is  conducted  within  3  weeks  prior  to  GO  exposure 
and  again  at  approximately  24,  43,  and  163  hr  following 
exposure.  Findings  will  be  documented." 

Page  7,  Section  11. 

In  the  following  sentence,  the  phrase  in  quotation  marks  is 
replaced  with  "recent  Sattelle*.  If,  after  a  minimum  of 
2  monkeys  has  been  challenged,  the  estimated  10M  falls 
within  the  95  percent  confidence  limits  of  the  "3attelle 
historic  Indian"  Rhesus  monkey  43  hr  GO  10M,  that  historic 
LOjf  value  will  be  accepted  as  the  approximate  10M  value  for 
the  present  population  of  monkeys  and  is  used  to  estimate 
protective  ratios  (10m  of  treated  animals/UU  of  untreated 
monkeys) . 

Page  3,  Section  12. E. 

Replace  "Clinical  observations  and  results  of  neurologic 
examinations."  with  "Clinical  observations". 

Page  9,  Section  14. 

Delete  this  References  section. 

Reason:  The  monkeys  provided  by  USAMRICD  for  this  study  are  large 

Rhesus  monkeys  of  Chinese  origin.  This  change  may  affect 
somewhat  the  way  in  which  these  animals  are  handled  and 
makes  the  conduct  of  a  meaningful  neurologic  examination 
difficult. 

Impact  on  Study:  For  comparing  efficacy  of  two  oximes  given  in  conjunction 
with  atropine  to  treat  intoxication  produced  by  an 
organophosphate.  the  impact  on  the  study  should  be 
negligible.  Comparison  of  results  of  this  study  with 
results  from  other  studies  conducted  with  Rhesus  monkeys  of 
Indian  origin  say  be  difficult. 

Changes:  Page  3,  Section  10. A. (9). 

■Monkey  room  temperatures  are  maintained  at  77  t  5  F."  is 
changed  to  read  "Monkey  room  temperatures  are  maintained  at 
63  -  30  F". 


•  i 


§ 
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Page  3,  Section  10. A. (10). 

’Relative  humidity  of  aonkey  rooms  is  maintained  at  50  *  10 
percent.*  is  replaced  with,  "Relative  humidity  of  aonkey 
rooms  is  maintained  at  30  •  70  percent." 

Reason:  This  change  was  made  in  the  Battel  It  SOP  to  agree  with  the 

requirements  of  the  National  Institute  of  Health's  "Guide 
for  the  Care  and  Use  of  laboratory  Animals". 

Impact  on  Study:  This  should  have  no  impact  on  the  results  of  the  study. 

Changes:  Page  6.  Section  10. t. 

"If  an  animal  dies  spontaneously  before  being  perfused, 
tissues  will  be  iamersion-fixed  in  10  percent  neutral 
buffered  formalin,  pH  7.2."  This  change  will  read,  "If  an 
animal  dies  spontaneously  48  hr  or  more  after  agent 
injection  but  before  being  perfused,  tissues  will  be 
imnersion-fixed  in  10  percent  neutral  buffered  formalin,  pH 
7.2." 


"Animals  are  anesthetized  and  perfused  via  aorta  cannula 
with  1  t  of  heparinized  (2.000  units/l)  saline  solution 
followed  by  2*3  l  of  10  percent  neutral  buffered  formalin, 
pH  7.2  and  simultaneously  exsanguinated  via  a  slit  in  the 
inferior  vena  cava."  is  changed  to  read  "Animals  are 
anesthetized  and  perfused  via  aorta  or  left  ventricular 
cannula  with  1  l  of  heparinized  (2,000  units/l)  saline 
solution  followed  by  2-3  l  of  10  percent  neutral  buffered 
formal*".,  pH  7.2  and  simultaneously  exsanguinated  via  a  slit 
in  the  inferior  vena  cava  or  a  femoral  vein," 


Reason:  Wording  is  changed  to  clarify  the  intent  and  to  allow  some 

latitude  in  the  preference  of  technique  of  experienced 
pathologists  in  the  perfusion  fixation  of  tissue. 


Impact  on  Study:  Changes  are  expected  to  have  no  impact  on  the  study. 
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Characterization  of  Soman  Toxicity  in  Atropine  and  Oxime  (HI-6  and  MM8-4) 
Treated  Rhesus  Monkeys 


Protocol  Amendment  No.  2 


Change: 


Reason : 


Page  S.  Section  10.C(2). 

“Using  various  doses  of  GO,  as  recommended  by  the  study 
statistician,  groups  of  equal  numbers  of  monkeys  are 
challenged  with  GO  and  treated  with  atropine  and  100  pato\  of 
either  HI-6  or  Mtfjl-4  per  kilogram  body  weight  at  one  minute 
after  GO  exposure.*  is  substituted  for  “Using  various  doses 
ol  GO,  as  recommended  by  the  study  statistician,  groups  of 
equal  numbers  of  monkeys  will  be  challenged  with  GO  and 
treated  with  atropine  and  100  pm ol  of  either  Hl-6  or  MM8-4 
per  kilogram  body  weight  at  a  time  after  exposure  provided 
Sponsor  Monitor.' 

A  treatment  time  of  one  minute  after  GO  injection  was 
specified  by  MAJ  J«es  R.  Stewart,  USAHRIC0. 


Impact  on  Study:  None.  The  time  of  treatment,  as  stated  in  the  protocol,  was 
specified  by  the  Sponsor  Monitor. 
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Characterization  of  Soman  Toxicity  in  Atropine 
and  Oxime  (HI-o  and  MM8-4)  Treated  Rhesus  Monkeys 


Protocol  Amendment  No.  3 

Change:  Page  1.  Section  9. 

•Treatment  will  be  administered  at  a  fixed  time  after  GO  injection 
using  a  dose  of  atropine  (as  the  citrate  salt)  of  0^2  tcq  (or  as  used 
in  Task  89-08)  atropine  free  base  and  100  pool  of  candidate  oxime  per 
kilogram  of  Cody  weight.*  is  replaced  with  'Treatment  is  administered 
at  one  min  after  GO  injection  using  a  dose  of  atropine  (as  the 
citrate  salt)  of  GL4  mg  atropine  free  base  and  100  ^mol  of  candidate 
oxime  per  kilogram  of  body  weight.* 

Reason:  A  treatment  time  of  one  minute  after  GO  injection  (Amendment  2)  and 
an  atropine  dose  of  0.4  mg/kg  was  requested  by  NAJ  James  R.  Stewart, 
USPMRICD. 

Impact  on  Study:  The  change  of  the  atropine  free  base  dose  from  0.2  to 

0.4  mg/kg  allows  more  comparaoility  with  previous  studies  in 
primates  which  used  0.4  mg/kg  doses  of  atropine.  This 
should  also  assure  effective  levels  of  atropine. 
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Characterization  of  Soman  Toxicity  in  Atropine  and 
Oxime  (HI-6  and  MM8-4)  Treated  Rhesus  Monkeys 


Deviation:  This  protocol  specifies  Monkeys  will  be  held  in  rooms  with  a 
temperature  range  of  63-80  F  and  a  relative  humidity  of 
30-70  percent.  Conditions  in  animal  rooms  are  recorded  twice 
daily  using  a  hand-held  combination  thermometer/hygrometer  to 
obtain  temperature  and  relative  humidity  readings.  The 
temperature  and  relative  humidity  recorded  in  rooms  in  which 
monkeys  were  held  were  very  occasionally  outside  these  ranges. 
Excursions  outside  temperature  and/or  relative  humidity  ranges 
specified  in  the  protocol  were  reported  to  a  maintenance  engineer 
and  adjustments  were  made  to  theraostats/humidistats. 


Impact  on  Study:  The  short-lived  excursions  outside  temperature  or  relative 
humidity  specifications  stated  in  the  protocol  should  have 
no  impact  on  the  validity  of  the  study. 
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Characterization  of  Scaan  Toxicity  in  Atropine  and 
Oxiae  (HI-o  and  WB-4)  Treated  Rhesus  Monkeys 


Deviation:  This  protocol  specifies  that  no  aore  than  five  aonkeys  will  be 
used  to  approxiaate  the  48  hr  GO  10W  in  aniaals  given  no 
treataent.  Five  aonkeys  were  used  in  the  initial  phase  of  this 
experiment  to  determine  the  48  hr  GO  10^  in  this  population  of 
aonkeys.  In  the  second,  efficacy  of  oxiae  therapy,  phase  of  the 
experiment.  12  aonkeys  were  treated  with  etropine/MH8-4  and 
12  aonkeys  were  treated  with  atropine/HI-6  prior  to  the  decision 
to  discontinue  testing  with  At  this  tiae,  the  Task  Are* 

Manager  requested  that  ad^r'  ional  aonkeys  be  challenged  with  GO 
injection  and  given  no  treataent  to  better  define  the  48  hr  GO 
10M  in  untreated  aonkeys.  As  a  result  of  this  request,  four 
additional  aonkeys  were  injected  with  GO  and  given  no  therapy. 


Impact  on  Study:  The  iaproved  definition  of  the  48  hr  GO  10»  in  untreated 
aniaals  of  this  population  of  aonkeys  should  assist  the 
statistical  analysis  of  efficacy  of  oxiae  therapies.  No 
effect  on  the  validity  of  the  study  is  anticipated. 
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STANOARO  OPERATING  PROCEDURE 

mre?  sop-aa-:i 

TITLE;  Measurement  of  Chemical  Surety  Materiel  in  Oilute  Solutions  of  GA. 
G3.  GO.  TGO,  HO-L.  HQ,  L.  and  VX 

LABORATORY:  MREF  SO P  APPROVAL  OATE:  February  28,  1990 

PLACE  OF  OPERATION  OR  TEST:  Samples  throuqhoit  MREF;  Analyses  in  Room  17  or 

Room  V. 


This  Standard  Operating  Procedure  (SOP)  has  been  prepared  as  prescribed  by 
Contract  OAMOI7-39-C-9050  and  will  be  effective  for  one  year  fro*  date  of 
approval  unless  sooner  rescinded  or  superseded. 

No  deviation  from  this  SOP  will  be  permitted.  Whenever  the  approved  method  is 
changed,  the  SOP  will  be  revised. 

Supervisory  personnel  will  assure  that  all  personnel  involved  with  this  SOP 
have  been  properly  trained  and  instructed  in  its  provisions  and  attest  to  this 
requirement  by  affixing  their  signatures  on  page  3. 

A  copy  of  this  SOP  will  be  posted  at  the  Medical  Research  and  Evaluation 
Facility  (MREF)  job  site  at  all  times. 


Submitted  5y: 


Approved  By: 


Approved  By: 


a/'*/™ 

f 4ignature/0ate 


Timothy  L.  Waves.  Principal  Research  Scientist 
Printed  Name/Title 


Garrett  S.  01 11,  O.V.M.  Manager 
Printed  Naae/mle 

Signeture/Qefe 7 

David  L.  Stitcher,  ClH,  Safetv/Suretv  Officer 
Printed  Name/ 11 1 tie 


Revised  February  : 9 ,  ID»0 
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Quality  Assurance  Unit  * 

_ Healthand  Environment  Group 
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Signature/Qate 

Charles  K.  Qurtlick,  Oirector 
Total  Quality  Program 
Health  and  Environmental  Group 
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STA.NOARO  OPERATING  PROCEDURE  88-31 


Measurement  of  Chemical  Surety  Material  in  Dilute  Solutions 
of  GA.  G8.  GO.  TGD.  HO-L.  HO.  L,  and  VX 


Statement  of  Work:  This  SOP  describes  analytical  methods  for  the  analyses 
of  dilute  solutions  of  chemical  surety  materiel  (CSM)  to  include  dose 
confirmation  samples  and  dosing  stock  solutions  generated  at  the  MREF. 
These  measurements  are  performed  by  comparing  the  analytical  results  of 
exempt  chemical  surety  materiel  (XCSM)  samples  tc  analytical  standards 
prepared  of  the  same  CSM.  The  analytical  standards  are  prepared  and 
referenced  to  Standard  Analytical  Reference  Material  (SARM)  according  to 
HREF  S0P-88-30. 

The  determination  of  CSM  concentration  in  the  diluted  samples  is  performed 
on  a  regular  basis  at  the  MREF.  The  analysis  must  be  performed  prior  to 
the  expiration  date  established  for  the  particular  CSM/solvent 
combination  under  the  storage  conditions  described  herein.  For  most 
program  situations,  this  has  been  determined  to  be  approximately  2  weeks 
after  sample  preparation. 

Responsibi 1 ity: 

1.  Personnel  Qual i fications ;  Technical  staff  will  be  current  with  the 
requirements  of  cue  MREF  and  all  applicable  MREF  SOPs.  All  technical 
staff  will  be  familiar  with  handling  hazardous  materials  within  the 
MREF  laboratory.  The  technical  staff  must  have  a  fitted  SurvivAir 
respirator  in  accordance  .<ith  FSSP  SOP-MREF-9.  In  addition,  must  know 
the  location  of  the  nerve  agent  kit,  mechanical  resuscitator,  eye  wash 
fountain,  and  d«*luge  shower  as  well  as  how  to  use  them.  They  must 
maintain  cither  visual  or  audible  contact  with  each  other  in  order  to 
detect  unauthorized  actions  or  be  ready  to  rescue  or  render  first  aid 
to  the  other  in  the  even*  of  an  accident.  Personnel  working  with 
solutions  of  CSM  that  do  not  exceed  XCSM  criteria  must  read  and  sign 
this  SOP. 

2.  Leaders:  leaders  of  each  operation  will  be  designated  by  the  Study 
fit  rector  for  that  operation.  Each  leader  will  insure  that  the 
following  are  observed: 

a.  Only  authorized  personnel  meeting  requirements  set  forth  in 
Section  3.1  are  allowed  in  the  room  during  XCSM  operations. 

b.  XCSM  control  and  account  ability  are  maintained. 
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c.  Adequate,  approved,  protective  equipment  is  available  at  all  times 
to  personnel  at  their  work  site. 

d.  All  leader  and  technical  staff  responsibilities  specified  in  the 
M «£F  FSS?  are  followed. 

e.  Each  employee  has  been  trained  in  the  techniques  of  administering 
first  aid  and  self  aid. 

f.  Work  under  this  SOP  is  performed  only  in  the  arta(s)  or  room(s) 
designated  by  this  SOP. 

g.  No  food,  beverage,  or  tobacco  product  is  consumed,  used,  or 
brought  into  the  laboratory.  The  wearing  of  contact  lenses  is 
prohibited  in  the  laboratory. 

h.  The  safety  requirements  of  this  SOP,  as  well  as  normal  laboratory 
safety,  are  maintained. 

i.  Decontamination  solutions  are  present  prior  to  handling  XCSM. 

j.  All  quantities  of  XCSM  that  leave  the  hood  or  room  are  properly 
contained  and  labeled. 

k.  All  applicable  SOPs  are  read  and  signed  by  all  technical  staff 
involved  in  the  operation. 

3.  Technical  Staff:  Technical  staff  will  be  responsible  for  abiding  by 
requirements  set  forth  in  Section  8.2.  In  addition,  they  must  use 
personal,  protective  equipment  provided  and  develop  safe  work  habits 
to  protect  themselves  and  fellow  workers  from  injury  and  to  prevent 
damage  to  material,  equipment,  and  facilities.  They  must  not  perform 
XCSM  operations  without  the  presence  of  a  qualified  second  person. 

4.  Research  Organisation;  The  organisation  fnvolved  in  this  research  is 
the  MAEr ' of  3actel le  Memorial  Institute,  505  King  Avenue,  Columbus, 
Ohio  43201-2693. 

C.  Materials  to  be  Used: 

l.  XCSM:  XCSM  is  also  referred  to  as  research,  development,  test,  and 
evaluation  (ROTE)  dilute  solutions  of  CSM.  The  XCSM  solutions  that 
can  be  used  following  this  SOP  are  those  prepered  from  the  following 
CSM. 

a.  Tabun  (CAS  77-31-6):  GA,  ethyl  N,,l« 
di.rethylphosp.ioramidocyanidate. 
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b.  Sarin  (CAS  107-44-3  or  50642-23-4):  G3.  isopropyl 
methylphospnonofluoridate. 

c.  Soman  (CAS  96-54-0  or  S0642-24-5):  GD,  pinacolyl 
methy Ipnosphonofluoridate. 

d.  VX  (CAS  50782-69-9  or  S1843-47-6  or  53800-40-1  op  70938-84-0): 

VX.  0-ethyl  S-(2-diisopropylaminoethyl)methylphosphonothiolate. 

e.  Mustard  (CAS  505-60-2  or  39472-40-7  or  68157-62-0):  HO, 
bis-dichloroethyl  sulfide. 

f.  Mustard-Lewisite  Mixture:  Hi,  a  mixture  of  bis-dichloroethyl 
sulfide  and  dichloro(2-chlorovinyl)arsine. 

g.  lewisite  (CAS  541-25-3):  l,  dichloro(2-chlorovinyl)arsine. 

2.  Solvents  and  Chemicals:  Hexane,  acetonitrile,  or  appropriate  solvent. 
Quality  of  solvent  ^commended  is  spectrometric  grade,  distilled  in 
glass. 

3.  Decontamination  Materials:  Sodium  hypochlorite  (5  percent  solution) 
for  XH0,  XL,  XHfli Vend  xVx.  Sodium  hydroxide  (10  percent  solution) 
for  G  agents. 

0.  Equipment:  Safety  equioped  cart,  freezer  (locked),  refrigerator  (locked), 
latex  gloves,  labels,  first  aid  kit,  plastic-backed,  absorbent  paper, 
brown  paper.  4-i.  beakers,  squirt  bcttles,  wiping  tissues,  beakers, 
bottles,  maxi-vials,  pioettes,  pipette  bulbs,  tissue  paper,  laboratory 
coat,  safety  shoes,  protective  eyewear,  spatula,  stainUss-steel  pans, 
bubbler  monitors,  scissors,  solid  sorbent  traps,  glass  stir  rods, 
syringes,  needles,  forceps,  GC  vials,  drierite,  20-mi  scintillation  vials, 
an  air-supplied  respirator  with  air  cylinder,  10-m(.  volumetric  flasks,  and 
a  vial  support  block. 


Hazards  Involved: 


I.  Antichol inesterase:  The  hazard  from  XVX  it  primarily  that  of  liquid 
injection,  ingestion,  or  absorption  through  the  skin  or  eyes.  XVX  can 
be  lethal  if  generated  in  a  vapor  form  in  confined  or  poorly 
ventilated  spaces.  Although  liquid  spills  of  XVX  do  not  present  a 
vapor  hazard,  this  material  is  very  stow  to  evaporate  so  that 
virtually  the  entire  spill  (minus  the  solvent)  may  persist  as  a  liquid 
contact  hazard  for  several  days. 


a.  Mechanism  of  Action  and  Physiological  Effects:  These  XC$M  cause 
inhibition  of  Choi  inesterase  enzyme  in  the  body.  Repeated  lew 
level  txoosures  to  these  XCSM  will  have  cumulative  effects  or 
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cholinesterase  inhibition.  Stood  cholinesterase  is  regenerated 
slowly  and  the  inhibition  effect  wilt  last  several  weeks. 

Clinical  signs  and  symptoms  may  suddenly  occur  following  repeated 
exposures,  but  is  unpredictable  in  time  of  onset  and  severity. 

Casualty  Producing  R  j.-  *  Entry:  Inadvertent  skin  contact  with 

these  XCSM  is  the  ac  ;  *  cause  of  laboratory 

accidents/incidents.  '  SM  absorption  rate  will  likely  be 
accelerated  through  i  ed  cuts  and  abrasions. 

Signs  and  Symptoms:  T  '  t  indication  of  exposure  of 
anticholinesterase  XCS  chin  is  likely  to  be  a  reiction  at 

the  point  of  exposure,  ;  '  zed  sweating  and/or  twitching. 

If  exposed  to  vapor  from  >  '  .  f  vapor  generating  system, 

pinpointed  pupils  (miosis),  i  it  tightness  in  the  chest, 
and/or  a  runny  nose  will  likely  be  the  first  svmptoms.  For  other 
than  these  extreme  exposures,  no  symptoms  are  likely  to  be 
exhibited.  However,  under  these  extreme  conditions  if  the 
exposure  is  sufficient,  symptoms  may  progress  beyond  the  local 
reaction  to  produce  systemic  poisoning.  The  following  signs  end 
symptoms  are  typical  of  systemic  poisoning;  the  number  and 
severity  of  which  will  depend  upon  degree  of  exposure: 

(1)  Nausea— possible  vomiting. 

(2)  Oiarrhea. 

(3)  Weakness. 

(4)  Muscle  twitching. 

(5)  Convulsions. 

(6)  Central  nervous  system  depression. 

(7)  Come. 

(3)  Cessation  of  breathing. 

Exposure  Factors:  Onset  of  signs  and  symptoms  from  a  percutaneous 
exposure  may  be  delayed  by  the  adsorption  time.  Onset  efter  e 
vapor  inhalation  exposure  may  be  quite  rapid,  and  death  may  occur 
within  10  min.  Vapor  exposure  to  the  eyes  results  in  immediate 
miosis  at  very  low  concentrations. 

2.  Solvents:  The  solvents  used  in  preparing  the  dilute  material  may  have 
hatardsasscciated  with  their  use.  A  copy  of  the  Material  Safety  Oata 
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Sheet  (MSOS)  iv  available  in  the  administrative  area  of  the  MREF  or 
through  3atte)!e‘s  Safety  Office,  SOS  King  Ave. 

a.  Hexane:  Hexane  is  a  flammable  liquid  that  must  be  handled  and 
stored  as  a  solvent  with  a  dangerous  fire  risk.  The  flash  point 
of  hexane  is  -12.1  C,  with  an  autoignition  temperature  of  260  C. 
The  1933-1989  American  Conference  of  Governmental  Industrial 
Hygienists  (ACGIH)  Threshold  Limit  Values  (TIV)  for  n-hexane  is 

SO  parts  per  million  (ppm)  as  an  8-hr  time  weighted  average  (*WA). 
For  the  other  hexane  isomers,  the  TLV  is  SOO  ppm  as  an  3-hr  TWA 
and  1,000  ppm  as  a  lS-mm  Short  Term  Exposure  Limit  (STEl). 

b.  Acetonitrile:  Acetonitrile  is  a  flammable  liquid  that  must  be 
handled  as  a  solvent  with  a  dangerous  fire  risk.  The  flash  point 
of  acetonitrile  is  S .56  C.  The  1988-1989  ACGIH  TLV  for 
acetonitrile  is  40  ppm  as  an  8-hr  TWA  and  SO  ppm  as  a  lS-min  STEL. 
Also,  skin  contact  may  represent  a  significant  route  of  exposure. 

3.  Decontamination  solutions  can  cause  chemical  bums  if  sodium  hydroxide 
or  sodium  hypocholride  is  left  in  contact  with  skin  or  eyes. 

4.  Gloves  and  aprons  made  of  butyl  rubber  are  flammable  and  have  no 
self-extinguishing  capability;  therefore,  care  must  be  taken  to  avoid 
open  flame  or  heat  that  may  ignite  them. 

F.  Safety  Requirements: 

1.  Hoods :  Hood  face  velocity  Rust  average  100  L  10  Ifpa.  The  average  is 
computed  from  individual  readings  taken  in  approximately  each  square 
foot  of  hood  face  (usually  nine  readings).  In  addition,  no  individual 
reading  will  vary  more  than  20  percent  from  the  average.  No  equipment 
will  be  within  20  cm  of  the  face  of  the  hood. 

2.  Protective  Equipment:  When  working  with  XC$M  samples,  the  following 
clothing and  protective  gear  are  required  as  a  minimum  for  all 
personnel . 

lab  coat 
safety  shoes 

two  pairs  of  latex  gloves 

protective  eyewear  _ _ 

In  addition,  each  worker's  individually  assigned  Survivair  combination 
escape/airi ine-suppl ied  respirator  will  be  readily  available.  All 
provisions  of  the  MREF  FS5?  apply  to  the  checking  and  testing  of 
gloves,  aprons,  respirators,  and  other  protective  equipment. 
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3.  fjrst  Aid:  A  first-aid  kit  containing  two  squirt  bottles,  one  filled 
with  a  5  percent  available  chlorine  sodiua  hypochlorite  solution  and 
one  filled  with  water  (labeled,  dated,  and  the  contents  changed  every 
month),  and  gauze  pads  will  be  located  in  the  room.  The  location  of 
the  nearest  eye-wash  fountain,  deluge  shower,  and  fire  extinguisher 
will  be  known  to  all  workers  before  work  begins. 

6.  Procedures: 

1.  Entry:  Before  entering  the  secured  facility,  note  the  status  of  the 
•Agent- in-Use*  light  at  the  turnstile.  If  the  •Agent-in-Use“  lights 
arc  turned  on,  note  the  room  location  and  be  sure  that  upon  entry  to 
the  laboratory  area  that  all  safety  equipment  and  procedures  described 
in  FSSP  SOP  MREF-18  are  in  place.  Upoe  entry  of  the  room,  confirm 
that  there  are  no  audible  alarms.  No  operations  can  be  initiated  in  a 
room  with  audible  alarms.  After  entry,  personnel  will  observe  the 
magnehelic  gauge  on  the  hood.  If  inspection  reveals  that  the  hood  has 
failed,  is  marginal  in  flow,  or  operates  outside  the  guidelines  of 
FSSP  SOP  HREF-21,  the  problem  is  reported  to  the  HREF  Manager  and  the 
operation  does  not  begin. 

2.  Hood  Set  tip:  Prior  to  obtaining  XCSM,  the  operation  hood  area  must  be 
prepared  with  all  materials  necessary  to  perform  an  XCSM  operation. 

The  hood(s)  to  be  used  for  any  operation  with  XCSM  will  contain,  as  a 
minimum,  the  appropriate  decontaminating  solutions,  waste  containers, 
forceps,  plastic-backed  paper,  absorbent  tissues,  primary  container 
holder,  and  XCSM  transfer  equipment.  All  of  the  above  materials  will 
be  kept  behind  the  8-inch  line  in  the  hoed. 

Plastic-backed,  absorbent  paper  must  be  used  to  protect  the  work 
surface  of  the  hood.  Five  layers  of  brown  paper  will  be  placed  on  top 
of  the  absorbent  paper.  Two  4-1  beakers  containing  a  minimum  of  2  L 
of  decontaminating  solution  will  be  placed  within  the  hood. 

A  vial  support  block  of  sufficient  size  to  contain  all  primary  XCSM 
maxi-vials  to  be  used  will  be  positioned  within  the  hood  work  area. 

3.  Handling  of  XCSM:  The  handling  of  XCSM  is  conducted  in  accordance 
with  Mfltr  SOP-83-5.  The  procedures  used  within  this  SOP  are  described 
in  HREF  SOP -83-5  and  shall  include  the  labeling  (Section  6.3), 
obtaining  (Section  6.4),  equilibration  (Section  6.S),  transfer 
(Section  6.6),  dilution  (Section  6.7),  transport  (Section  6.8), 
packaging  (Section  6.9),  transfer  for  use  within  the  HREF  (Section 
6.10),  and  securing  of  XCSM  (Section  H). 


4. 


Identi fication  of  CSM:  All  XCSM  samples  generated  must  be  clearly 
identified  with  tne  following  information  being  regarded  as  the 
minimum  requirements. 
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a.  Type  of  XCSM  contained  in  the  sample. 

b.  Solvent  used  for  CSM  dilution. 

c.  Sample  preparation  date. 

d.  Sample  identification  number  (e.g.,  dose  confirmation 
accountability  record  book  number,  page  number,  and  sample  number 
and  their  identifiers  as  necessary,  50003-03-02  Samp.  Ml). 

e.  Estimated  analyte  concentration  based  on  measured  agent  purity  and 
dilution  procedure. 

f.  Project  or  task  number  under  which  the  sample  was  prepared. 

5.  Sample  Preparation  and  Storage:  Preparation  of  samples  oust  be 
performed  using  volumetric  glassware,  pipettes,  and/or  microsyringes 
as  required  to  achieve  a  resulting  concentration  below  agent  surety 
levels  (i.O  mg/ml  for  VX,  2.0  ng/rnL  for  GA,  G3  and  GO,  and  10.0  mg/mt 
for  HO).  Preparation  and  handling  of  dilute  samples  is  performed  in 
accordance  with  the  operational  dosing  protocol  and/or  HREF  SOP-33-3. 
An  example  of  the  calculations  to  determine  XCSM  concentration  of 
samples  prepared  in  accordance  with  HREF  SOP-33-3  is  provided  below. 


Example  Calculations; 

a.  To  determine  appropriate  dilution  procedure,  consider  the  required 
volume  of  CSM  to  be  delivered  and  the  final  volume  of  the  diluent 
necessary  to  achieve  a  resulting  expected  concentration  not 
greater  than  the  permissable  XCSM  concentration,  see  Section  G.4. 
For  example,  if  10  jtL  of  neat  VX  is  dosed,  confirmation  of  dosing 
accuracy  and  syringe  precision  and  accuracy  would  require 
delivering  the  same  volume  of  agent  into  appropriate  volumetric 
glassware.  To  determine  the  appropriate  dilution  volume,  multiply 
the  volume  of  the  CSM  to  be  delivered,  in  ^L,  by  the  density 
(d  •  1.0033  mg/>»l  at  20  C)  of  CSM  in  nq/pL  and  multiply  the 
multiple  by  the  purity  of  the  CSM  used  for  dilution.  The  result 
of  this  mathematical  step  is  then  divided  by  the  target 
concentration  or  the  maximum  XCSM  concentration,  for  VX  tha  value 
would  be  1.0  ag/rnl.  The  following  calculation  would  hold  true  for 
this  example  if  the  working  VX  purity  is  9S  percent: 


[9 


10.0-mL  neat  VX)  (1.C083  eg//il  density  of  VX)]  •  10.083-mg  VX 
l0.083-«g  VX) (0.95)]  -  9.S8-mg  VX 
9.53-mg  VX/ 10  ill]  •  .958  mg/ml  dilute  concentration 


Therefore,  a  volumetric  flask  of  10  m  or  greater  would  be 
appropriate  for  this  dilution. 
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b.  All  dilute  solutions  should  be  kept  frozen  when  not  in  use.  All 
XCSM  samples  and  standard  solutions  are  stored  double  contained  at 
-70  C  in  a  locked  Revco  freezer. 


6.  Standard  Preparation:  Instrument  calibration  standards  are  prepared 
from  standard  analytical  stock  solutions  which  have  been  prepared, 
stored,  and  referenced  to  SARM  as  per  MREF  SQP-88-30.  Calibration 
standards  oust  be  prepared  at  three  concentration  levels  as  a  minimum. 
These  concentration  levels  must  extend  over  the  range  of  expected 
sample  concentration.  Appropriate  standard  concentrations  and 
dilution  procedures  are  to  be  determined  by  the  chemist  at  the  time  of 
analysis  in  order  to  establish  precision  limits  required  by  sample 
submitter.  The  standards  will  be  prepared  in  the  same  solvent  as  the 
samples  unless  stability  problems  in  sample  preparation  solvent  have 
been  determined.  The  recommended  solvent  for  CSM  sample  preparation 
for  GC  analysis  is  hexane.  If  standards  need  to  be  prepared  ahead  of 
time  they  must  be  stored  at  -70  C  until  analysis. 


7.  Instrument  Set -do; 

a.  The  GC  must  be  operated  with  parameters  that  will  yield  the  best 
quantitative  results  for  the  analytical  system.  These  will  vary 
depending  on  CSM/solvent  combination  and  concentration  levels. 
The  following  are  recamended  as  general  starting  conditions  and 
optimum  conditions  must  be  selected  by  the  chemist  doing  the 
analyses. 

(1)  Column  -  Several  analytical  columns  and  detectors  have  bean 
successfully  used  to  analyze  the  agents  listed  in  this  SOP. 
Several  manufacturers  of  columns  and  instruments  have  also 
been  compared  and  only  minor  differences  have  been  observed 
with  all  systems  evaluated  being  acceptable  under  their 
optimal  operating  conditions.  The  recommended  column  is  a 
general  purpose  column  that  produces  reliable  results  with 
all  agents  tested  m  date. 

General  Analyses! 


Column: 

Carrier  Gas: 

Velocity  : 
Make-up  Gas: 
Oetector  : 
Detector  Gases: 

Injector  Temperature: 


30  a  x  0.25 -mm  1.0.  SC-54  with  ,3-jia  film 

thickness 

Helium 

30  L  5  cm/stc  for  Helium 

30  L  5  aL/min 

Flame  Ionization  Oetector  (FI0) 
h2  •  400  «l/«in  l  10  mL/min 
Air  •  40  n»l/min  L  5  mt/min 

275  L  10  C 
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Oetector  Temperature: 
Oven  Program: 


Injection  Mode: 
Split  Flow: 
Split  Liner  Packing: 

Injection  Volume: 
Auto  Sampler: 


250  L  10  C 

Initial  tesoerature  »  60  C 
Initial  time  •  1.0  min 

Level  1  program  rate  »  15  C/min 
Final  temperature  •  250  C 
Final  time  »  2.0  min 
Post  value  *  275  C 
Post  time  •  4.0  min 
Split 

120  L  10  aL/ain 

3  percent  0V-1  on  30/100  aesh  Chromosorb  WHP 
(2-3  m  bed) 

1  pL 

Hewlett  Packard  7673A  or  equivalent  with  cooled 
sample  tray  aaintained  at  5-7  C. 


Analysis  of  Samples  of  GO  in  0.9  percent  Biological  Saline: 


Column: 

Carrier  Gas: 

Velocity  : 
Make-up  Gas: 
Oetector  : 
Oetector  Gases: 


Injector  Temperature: 

Oetector  Temperature: 
Oven  Program: 


25  a  x  0.32-em  1.0.  HP-20  M  with  .3-jim  film 

thickness  or  equivalent 

Helium 

30  L  S  ca/sac  for  Helium 
30  L  5  aL/ain 

FPO  with  52S-nm  phosphorous  selective  filter 
•  13S  aL/ain  L  10  aL/ain 
ATr  •  120  aL/ain  L  5  aL/ain 
0?  -  15  aL/ain  L  2  aL/ain 
140  L  S  C  (Very  important  for  satisfactory 
precision  and  accuracy  of  results.) 

225  L  5  C 

Initial  temperature  •  50  C 
Initial  tiae  ■  0.S  sin 

Level  1  program  rate  •  20  C/ain 
Final  temperature  •  20C  Z 
Final  tiae  •  1.0  cin 
Post  value  •  21S  C 
Post  tiae  •  2.0  ain 


Analysis  of  Samples  of  GA  in  Multisol: 


Column: 

Carrier  Gas: 

Velocity  : 
Make-up  Gas: 
Oetector  : 
Detector  Gases: 


25  a  x  0. 32-ms  1.0.  HP-20M  with  .3 -/*m  film 
thickness  or  equivalent 


Helium 

30  L  5  ca/sec  for  Helium 
30  L  5  »L/min 

FRO  with  S25-na  phosphorous  selective  filter 
H2  •  135  «t/sin  L  10  mL/min 
ATr  •  120  «L/min  l  5  mL/min 
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O7  »  15  aL/ain  l  ?  aL/ain 

Injector  Temperature:  150  L  5  C  l Very  important  for  satisfactory 

precision  ani  a.  a  racy  of  results.) 
Detector  Temperature:  225  L  5  C 

Oven  Program:  Initial  te«pe.*ature  •  30  C 
Initial  tioe  -  '.5  ain 

Level  1  pr-gram  rate  •  20  C/*in 
Final  te*peratu.*e  •  200  C 
Final  time  *  1.0  ain 
Post  value  «  215  C 
Post  tioe  »  2  0  ain 


Injection  *de: 
Split  Flow: 
Split  Liner  Packing: 

Injection  Voiume: 
Auto  Sampler: 


Split 

120  L  10  al/ain 

10  percent  0V-1  cn  30/100  aesh  Chrcmosorb  WHP 
{2-3  me  bed) 
l  A 

Hewlett  r Lard  7573A  or  equivalent  with  cooled 
sample  maintained  at  5-7  C. 


Note:  The  viscosity  of  aultisol  'bits  reproducible  injections  of 
samples  using  an  autosaapler.  Therefore,  saaples  in  aultisol 
have  to  be  ci luted  with  an  appropriate  solvent  such  as 
tetrahydrofuran  (THF) .  The  samples  have  been  shown  to  be 
stable  for  at  least  72  hr  af :««•  dilution  at  5-7  C.  The 
recoamended  dilution  is  a  ainntu*  factor  of  five  for  reliable 
injection  results  using  an  autosampler.  As  previously  stated, 
the  standards  should  also  be  diluted  using  THF. 

Analysis  of  TGS  Samples  in  Acetonitri 1e: 


Coluan: 

Carrier  Gas: 

Velocity  : 
Hake-up  Gas: 
Oftector  : 
Oetector  Gases: 


Injector  Temperature: 

Oetector  Teaoerature: 
Oven  Program; 


25  •  «  0.32-«m  1.0.  HP-20H  with  J-pm  film 
thickness  or  equivalent 
He  I ium 

30  L  5  cm/sec  for  Helium 
30  L  5  mL/min 

FP 0  with  525-nm  phosphorous  selective  filter 

H2  •  135  et/min  L  10  aL/ain 

ATr  •  120  «./mia  L  5  mL/min 

0i  •  15  at/ain  L  2  mL/min 

200  L  5  C  (Very  important  for  satisfactory 

precision  and  accuracy  of  results.) 

225  L  5  C 

Initial  temperature  •  50  C 
Initial  tine  •  0.5  sin 

Level  1  program  rate  •  20  C/mm 
Final  temperature  •  200  C 
Final  time  •  1.0  ain 
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Post  value  »  215  C 
Post  time  *  2.0  mu 

Injection  *«cce:  Split  for  concentrations  above  100  /g/mL 

Splitless  for  concentrations  below  100  ^g/t«L 
Split  Flew:  120  l  10  at/ain 

Split  Liner  Packing:  10  percent  QV-l  on  80/100  aesh  Chroaosorb  WHP 

{2-3  m  bee) 

Injection  Volume:  1  jL 

Auto  Sampler:  Hewlett  Packard  7673A  or  equivalent  with  cooled 
sample  tray  maintained  at  S-7  C. 

Note:  Acetonitrile  has  been  selected  for  dilution  of  neat  TG0  due  to 
increased  solubility  of  thickener  and  agent  stability  in  this 
solvent. 

b.  Install  the  prooer  column  into  the  capillary  injector  and  detector 
ports  and  leak  test  the  joints.  If  the  column  has  not  been  in 
use.  condition  at  20  C  below  manufacturer  suggested  maximum 
operation  temperature  overnight.  This  aust  be  done  by  first 
allowing  the  column  to  set  at  room  temperature  with  carrier  gas 
flow  for  «  20  ain  and  then  programming  to  the  final  temperature  at 
a  slow  rate  suen  as  3  C/min.  The  column  can  then  be  left  at  uppnr 
temperature  overnight.  This  initial  conditioning  is  required  to 
insure  that  oxidants  trapped  in  the  column  under  storage 
conditions  are  removed  prior  to  exposure  of  the  cclumn  to  elevated 
temperatures.  The  exposure  of  the  capillary  column  liquid  support 
to  elevated  temperatures  in  the  presence  of  compounds  suen  as 
oxygen  or  water  will  decompose  the  stationary  phase  of  a  capillary 
column.  The  exposure  of  fused  silica,  the  material  of  which  most 
modem  columns  are  prepared,  to  water  will  dissolve  the  material 
and  also  destroy  the  column  by  producing  chemically  bonding  active 
sites  within  the  column. 

c.  Set  the  temperatures  in  the  heated  tones  using  the  GC  terminal 
using  the  appropriate  example  temperatures  as  listed  in 
Section  G.S.a.(l). 

d.  Set  the  gas  flow  rates  as  recraeended  in  Section  G.6.a.(l)  using  a 

soap  bubble  flow  net er  of  appropriate  range  and  stopwatch.  Set 
the  earner  velocity  first  then  turn  the  detector  gases  off.  The 
column  velocity  is  measured  by  injecting  a  compound  under 
conditions  that  will  yield  an  insignificant  retention  of  the 
'cmpcu*d.  a  typical  c:*oound  used  to  set  column  ve’sc'fes  is 
Tethj"*  J;r  .*;]  :;nj:f:ns  ;r  tcitone  ‘or  >■*  ;;:.-n 

»eloc • t .  <s  Tfisured  by  inject 'og  the  *et*ure  and  vmt-g  tne  :me 
required  'or  t*e  methane  or  acetone  to  exit  tie  column.  The  exit 
of  the  **:Te  or  acetone  >s  ■'cnttored  by  the  oetector.  and  wren 
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Che  peak  is  eoserved,  the  tise  is  recorded.  A  saaole  calculation 
is: 


Column  Length  in  cm 

Retention  T iae  of  Methane  or  Acetone  in  sec 


»  Carrier  Velocity  in  cs/sec 


The  coluan  velocity  must  be  set  at  optieue  coluan  teaperaturo 
(aid-range  of  the  operating  conditions)  since  capillary  coluan 
velocities  change  with  temperature.  The  rtcoaeended  tcaperature 
for  the  recoanended  conditions  is  150  C-  Once  coluan  velocity  has 
been  set.  allow  tne  carrier  gas  to  flow  continuously  through  the 
coluan  during  the  remainder  of  the  aeasureaents.  It  should  be 
noted  if  a  carrier  gas  other  than  heliua  is  used,  a  Van  Qeeater 
Curve  for  that  gas  should  be  reviewed  to  establish  the  optiaua 
velocity. 

e.  Attach  the  flow  meter  to  the  gas  outlet  froa  the  detector  with  the 
carrier  gas  on  and  all  other  gases  off.  Measure  the  coluan  flow 
rate  and  record  as  this  will  need  to  be  subtracted  froa  all  future 
aeasureaents  to  get  actual  flow  rates. 

Ca ample  Calculation  for  flow  bate: 


(i.e.,  for  a  tie*  interval  of  15  sec  to  achieve  e  voluae  of  10  at 
the  following  calculation  would  be  performed) 

formula  for  determining  float  rata: 

flow  rate  in  st/ein  »  Volume  fan.) 


15  sec 
1  sec;a»n 


•  .25  ein 


"iriTn  *  40  r#t,J 

f.  Adjust  and  reoeat  aeasureaents  until  the  prescribed  value  is 
reached  subtracting  the  carrier  flow  rate  frca  the  observed  flow 
rate  to  get  actual  flow  rates. 

g.  Repeet  eeesureaent  procedure  to  set  hydrogen  flow  rate. 

h.  Repeat  reasure-e-t  procedure  tp  set  air  flew  rat*. 

i.  with  gases  on.  ignite  the  FID  or  e?0  f laee  by  depressing  the  flare 
ignition  Sutton.  Verify  fla.ee  ignition  by  ;rec«i-g  for  ronf-uouS 


Revised  february  19,  1592 


SCP-33-31 
March  11.  1S23 
Page  16 


C3nce-isa::cn  on  a  cold  surface  (e.g..  airror)  at  the  effluent 
cutlet  cn  :ne  f 12  a r  F?0. 

j.  "hen  the  flame  has  been  ignited,  turn  on  the  FID  or  F? 0 
electronics  and  allow  20  »in  for  system  equilibration. 

k.  Key  in  e  following  set  points  on  the  integrator  terminal  if 
available,  if  a  strip  chart  .$  used,  refer  to  instrument  manual 
for  connections.  Typical  settings  are: 

1.  Integration  Method:  Area  percent 

2.  Attenuation:  (2)^ 

3.  Percent  Offset:  10 

4.  Peak  Width:  0.04 

5.  Threshold:  4 

6.  Pun  Time:  IS. 9  STOP 

7.  Chart  Speed:  0.S 

8.  Detector:  on 

These  set  points  are  only  guidelines,  but  entering  values  for 
these  parameters  is  a  minimum  requirement  for  integration. 

1.  Plot  the  Flo  or  FPO  signal  on  the  GC  recorder.  Zero  the  plot  on 
the  terminal  or  strip  chart  recorder  so  that  the  baseline  is  at 
m  10  percent  offset. 

8*  Analysis  of  Sangles:  Standards  and  samole  solutions  are  analyzed 
using  tne  same  procedures. 

9.  Calculation  P^cedures: 

a.  Identify  the  CSM  peak  in  the  samole  and  standard  cnrcaatograms; 
record  the  peak  area. 

b.  To  calculate  the  concentration  of  the  XCSM  tamoles.  construct  a 
calibration  curve  by  doing  a  linear  regression  of  itandjrd 

trrcjrt-j;: :«i  ,s.  standard  pea*  area  for  corcentrat: :n  levels, 
then  'it  the  »j-ple  peak  area  to  the  curve  to  cbtatn 
concentrr.cn. 

10.  Cual  itv  'Ton**-' : 
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Each  step  in  the  analysis  of  standards  and  samples  must  be  dene 
reproducibly  to  achieve  good  precision  and  accuracy.  This 
includes  preparation  of  dilute  solutions  and  instrument  operation. 


0 


P.  The  samples  are  to  be  injected  a  minimum  of  three  times  each  with 
an  average  response  used  to  determine  the  purity  measurement.  The 
relative  standard  deviation  for  any  set  of  injections  must  not 
exceed  10  percent.  If  the  relative  standard  deviation  exceeds 
10  percent,  the  experiment  must  be  repeated  entirely  prior  to 
acceptance  of  data. 

c.  The  PIO  is  <  general  purpose  3C  detector.  The  detector  is  linear 
over  an  ext“e**!y  large  range  -nicn  makes  it  well  suited  for  this 
type  of  analysis.  In  addition,  the  detector  is  general  purpose  in 
that  it  detects  almost  all  cnrcnatogrjpnaole  material  with  two  or 
mere  carocn  atoms.  Hc-ever,  due  to  the  non-selecti ve  nature  of 
the  detector,  the  detection  of  interferences  may  be  encountered. 
Therefore,  eacn  new  type  of  testing  should  be  preceded  by 
experimentation  to  determine  -nether  any  interferences  are  present 
and  if  so,  to  identify  and  compensate  for  them. 

d.  31anks  *or  solvents  must  be  checked  and  htgn  purity  solvents  such 
as  distilled  in  glass  are  recommenced.  An  analysis  of  the  system 
blank  must  be  studied  under  the  same  test  conditions  (first 
without  CSM  present  and  then  with  C'M  so  ike)  and  compare  the 
chromatograms.  Evaluate  the  data  an;  mane  any  necessary 
corrections. 

«.  If  interfere? ces  present  a  proolem.  then  analysis  using  a  mass 
spec: for  the  deteefon  system  ’S  recommenced  so  that 
interferences  can  be  confir-ed  ard  oossibiy  identified  as  solvent 
impurities  a r  CSM  impurities.  A  mass  Sbectrometer  should  also  be 
used  -men  initially  establishing  SC  conditions  to  insure  that  the 
chromatogrisnic  pea*  bemg  measured  Curing  purity  analysts  is  the 
CSM  of  interest  and  not  an  impurity. 


1 1  •  Inst-ume-t  ^ut-gtwr : 


4.  Wien  the  instrument  is  not  to  be  used  'or  extended  periods  of 
time.  fe  system  m^st  :e  smut  :c-n  following  manufacturer's 
instructicns  to  insure  column  * • f*  md  instrument  stability. 


b.  3e  Sure  t**at  suff’Cent  gates  ire  Supplied  'or  tpnr-udus  flow  of 
car'  e*  ,r-  :t‘. gases  tie  ;er-od  of  '.  me  that  the  S/Stem 
•ill  be  unatte-ced. 
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c.  fzr  «e-i<in<3  shut-down.  follow  Che  same  procedure  Put  also 

extinguish  Che  detector  flame  if  appropriate  Py  shutting  off  the 
cececcor  jas  valves. 

Ceconcamin3tion;  Proper  protective  equipment  and  clothing  must  be 
utilized  cnrsugncut  these  operations  in  accordance  with  PSS?  SOPs  MR£r-23 
and/or  MREr-25.  All  aCsorbent  material  covering  the  hood  surface  -ill  be 
placed  in  the  decontaminating  solution  after  each  operation.  «ll 
disposable  glassware  in  hoods  will  be  submerged  tn  the  appropriate 
decontaminating  solution  (5  percent  availapie  chlorine  in  a  sodiun 
hypocnlor’te  solution  or  !Q  percent  sodium  hydroxide  solution  in  water) 
overnight.  All  non-di sposable  glassware  in  ncods  will  be  filled  with  the 
appropriate  decontaminating  solution  (5  percent  available  chlorine  in  a 
sodium  hypochlorite  solution  or  10  percent  sodium  hydroxide  solution  in 
water)  overnight.  Materials  left  to  soax  in  decontaminating  solution 
overnight  will  be  removed  from  the  hood  on  the  next  work  day.  The 
glassware,  equipment,  or  non-exoendaole  materials  are  rinsed  with  water 
and  removed  from  the  hood.  Expendable  items  may  be  placed  directly  into  a 
primary  plastic  bag  within  the  hood.  The  primary  plastic  bag  is  then 
sealed  with  adhesive  tape  and  placed  inside  another  plastic  bag.  wnich  is 
then  sealed  with  adhesive  tape  to  provide  double  containment  of 
decontaminated  materials. 

Sags  of  -asts  must  be  labeled  "Contaminated  Materials*  with  type  of  XCSM, 
date  of  bagging,  bag  ldenti fication  number,  and  name  of  pe-son  packaging 
the  ccntam-nated  nater-als  in  accordance  with  MR£r  SOP-33-3.  Section  H. 

The  douple-Cbntiined  materials  can  then  be  incinerated. 


r-er-f- : .  a-tcec.res:  If  an  <CSM  spill  bCturs.  decbntammjt ion  solution 
icontaim- g  -  ;*'can:  -.odium  hypochlorite  or  10  percent  sodium  nyoroxide) 
located  witnm  the  need  is  gently  poured  or  swabbed  with  soaked  absorbent 
pacer  ne'o  *un  'orceos  on  the  area  in  an  imount  that  is  at  least  tenfold 
in  excess  of  the  spill.  This  contaminated  decbntammatmg  solution  is 
absorbed  with  d- atomacecus  earth  or  other  aosorsent  and  deposited  into 
double  b’astc  bags.  The  cleamng/aosorption  procedure  is  repeated  again. 

In  the  e<e"t  jf  ary  incident  or  exposure,  the  Manager  :r  nis  :esignee 
must  be  rjff-ed  -mrediately. 

first  Aid  3-hc»du’,»s:  Make  sure  that  you  protect  yourself  from 
contamination  by  tne  casualty.  Mask  if  in  doubt.  Personnel  exposed  tp  a 
toxic  agent  will  be  re-iovtd  ’mmediate'y  to  a  shower  area  w rere  *asnmg  and 
firs:  !•:  .  r  :e  i:*vm  stewed  py  co-wer^e's.  If  trjr*  n  any  guestisn 
about  fe  so-'te  ;f  tentammat  ion,  plate  the  victim  uroer  the  eee-gency 
snower.  wasn  :*e  victim  down  with  soap;  do  not  scrub  as  this  may  enhance 
penetriftr. 
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1.  Emergency  Treatment  for  Specific  Tvoes  of  XCSM: 
a.  V  and  G  XCSM: 

(1)  Decontaminate  when  the  source  of  contact  is  certain. 

(a)  Transfer  the  victim  to  a  clean  area  and  thoroughly 

decontaminate  with  5  percent  sodium  hypochlorite  only  in 
the  areas  below  the  eyes  in  the  position  in  which  the 
victia  is  being  held.  Wash  skin  at  once  with  diluted 
chlorine-type  bleach  and  rinse  with  copious  amounts  of 
water.  Rinse  eyes  with  water  only;  rising  «  minimum  of 
10  ain  at  the  eyewash  fountain.  Oecontaainate  with  dry 
tissue  or  absorbent  paper  followed  by  water  in  areas 
close  to  the  eyes. 

(2)  Oecontaainate  when  source  of  contact  is  uncertain. 

(a)  Place  victia  in  shower  and  reaeve  clothing. 

(3)  If  victia  has  symptoms  of  ant'chol inesterase  poisoning  beyond 
aiosis.  inject  hia  with  the  contents  of  the  atropine/2-PAM 
autoinjectcrs  at  intervals  of  5-10  ain  up  to  a  maaimua  of 
three  injections.  !»ott  time  of  each  injection  on  the  victim 
for  reference  by  physician. 

(4)  If  victia  has  stopped  breathing,  employ  resuscitation  with 
the  a*0u-bag  immediately.  Use  the  atrecine  autoinjectors 
after  you  have  successfully  succeeded  in  restoring 
respiration. 

u.  H  and  L  XCSM: 

(1)  Decontamination  when  the  source  is  certain. 

(a)  Transfer  the  victia  to  a  clean  area  and  thoroughly 

decontaainate  with  S  percent  sodium  hypochlorite  only  in 
the  areas  below  the  eyes  in  the  position  in  which  the 
victim  is  being  held,  wash  skin  at  once  with  diluted 
chlorine-type  bleach  and  rinse  with  copious  amounts  of 
water.  Rinse  eyes  with  water  only;  rinsing  a  minimum  of 
10  at  the  eyewash  fountain.  Decontaminate  with  dry 
tissue  or  absorbent  paper  followed  oy  water  in  areas 
close  to  *h#  eyes. 

(2)  .  ace  victim  in  shower  and  remove  clothing. 
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2.  The  decontaainated  individual  is  transported  by  ambulance  to 
University  Hospital. 

3.  In  the  event  of  any  exposure,  the  MRCP  Manager  or  his  designee  must  be 
suaaoned  after  the  immediate  emergency  is  taken  care  of  and  informed 
of  the  exposure. 


TLH:cah 
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STANDARD  OPERATING  PROCEDURE 
MREf  SOP-39-55 


TITLE:  Analysis  and  Structural  Verification  of  Atropine  In  Citrate  3uffer 
LABORATORY:  MREF,  HWL,  or  King  Ave.  SOP  APPROVAL  DATE:  02/26/90 

PLACE  OF  OPERATION  OR  TEST:  Any  safety  approved  laboratory  within  the 
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This  Standard  Operating  Procedure  (SOP)  has  been  prepared  as  prescribed  by 
Contract  CAMO17-39-C-5C50  and  will  be  effective  for  one  year  from  date  of 
approval  unless  sooner  rescinded  or  superseded. 

No  deviation  from  this  SOP  will  be  permitted.  Whenever  the  approved  method  is 
changed,  the  SOP  will  be  revised. 

Supervisory  personnel  will  assure  that  all  personnel  involved  with  this  SOP 
have  been  properly  trained  and  instructed  in  its  provisions  and  attest  to  this 
requirement  by  affixing  their  signatures  on  page  3. 

A  copy  of  this  SOP  will  be  posted  at  the  job  site  whenever  the  operation  is 
being  performed. 
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STANOARO  OPERATING  PROCEDURE  89-5S 


Analysis  and  Structural  Verification  of 
Atropine  Base  in  Citrate  Suffer 


A.  Statement  of  Work:  This  SOP  describes  the  entire  procedures  for 

verification  or  identity  and  Quantitative  measurement  of  atropine  free 
base  by  high  performance  liquid  chromatography  (HPLC).  The  procedures  for 
structural  verification  by  nuclear  eagnetic  resonance  (NMR)  of  atropine 
present  in  drug  formulations  are  also  described.  The  HPLC  effort  can  be 
conducted  at  either  the  HREF,  HML  or  ting  Avenue,  but  the  NMR  requires  the 
facilities  at  ting  Avenue. 

8.  Responsibility: 

1.  Personnel  Oual ii icationt: 

All  technical  staff  will  be  familiar  with  handling  hazardous  materials 
within  the  laboratory.  Personnel  performing  the  following  procedures 
must  read  and  sign  this  SOP. 

2.  leaders:  leaders  of  each  operation  will  be  designated  by  the  Study 
Director  for  that  operation.  Each  leader  will  insure  that  the 
following  are  observed: 

a.  Only  authorized  personnel  meeting  requirements  set  forth  in 
Section  8.1  are  allowed  in  the  room  during  operations. 

b.  Adequate,  approved,  protective  equipment  is  available  at  all  times 
to  personnel  at  their  work  site. 

c.  All  leader  and  technical  staff  responsibilities  specified  in  the 
HREF  or  hml  FSSP  are  followed  -hen  work  is  conducted  at  the 
respective  laboratories. 

d.  Each  href  and  hml  employee  has  been  trained  in  the  techniques  of 
administering  first  aid  and  self  aid. 

*.  work  jrder  this  SOP  >s  performed  only  in  the  areaf s)  or  rocm(s) 
tesgnated  by  this  SCP. 
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f.  No  food,  beverage,  or  tobacco  product  is  consuaed,  used,  or 
hrougnt  into  the  laboratory.  The  wearing  of  contact  lenses  is 
prcnioited  in  the  laboratory. 

g.  The  safety  requirements  of  this  SOP,  as  well  a  normal  laboratory 
safety,  are  maintained. 

hi  All  applicable  SOPs  are  read  and  signed  by  all  technical  staff 
involved  in  the  operation. 

3.  Technical  Staff:  Technical  staff  will  be  responsible  for  abiding  by 
requirements  set  forth  in  Section  8.2.  In  addition,  they  must  use 
personal,  protective  equipment  provided  and  develop  safe  work  habits 
to  protect  themselves  and  fellow  workers  from  injury  and  to  orevent 
damage  to  material,  equipment,  and  facilities. 

4.  Research  Organization:  The  organization  involved  in  this  research  is 
the  MPEr  of  Sattelle  Memorial  Institute,  SOS  King  Avenue.  Columbus, 
Ohio  43201-2593. 

C.  Materials  To  3e  Used: 

I.  Solvents  and  Chemicals;  The  atropine  sulfate  solid  which  will  be  used 
on  tnis  program  ror  preparation  of  analytical  standards  will  be 
provided  by  the  U.$.  Army  Medical  Research  and  Oo.e’opme-*  Command 
(USAMflCC)  or  a  source  which  can  prov.de  an  established  purity 

If  the  atropine  dosing  solution  is  not  received  in  a  pre-packaged  form 
upon  receipt,  the  atropine  dosing  solution  in  citrate  buffer  will  be 
stored  in  subdued  lighting  at  4  C.  If  a  pre-packaged  form  has  been 
received,  it  will  be  stored  as  directed  by  the  supplier. 

NMR  spectra  will  be  obtained  on  dilute  solutions  of  the  drug  dissolved 
in  >  99.3  percent  deuterium  onde  (Stonier  Isotope  Chemicals  or 
equivalent).  NMR  tubes  will  be  the  Stohier  Isotope  Chemicals  'Ultra 
Precision*  model  or  the  equivalent  model  from  other  manufacturers. 

Other  eaten als  will  include  acetonitrile  (lurdiek  and  Jackson  Hp'.C 
Grade),  rtthara!  (Burdick  and  J«ckson  HPLC  Grade),  benzene  (Burdick 
and  Jackson  hP'.C  Grade),  deionized  water  or  mtlltpore  water,  glacial 
acetic  acd  (Baker  Reagent  Grade),  tetrabutyl ammonium  chloride 
(Aldnch  98*  percent),  sodium  lauryl  sulfate  (Aldrich  94  percent), 
sodium  heotane  sulfonate  (l-heptan«  sulfonic  acid,  sodium  salt) 
(Aldnct  99*  percent),  tetrimethylarmonium  chloride  (Aldrich  33* 
percent),  ird  nehum  or  nitrogen  gas. 
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0.  Equipment:  Freezer,  refrigerator,  labels,  first-aid  kit.  plastic-backed, 
aosciroent  paoer,  squirt  bottles,  wiping  tissues,  beakers,  uottles,  maxi-' 
vials,  pipettes,  pipette  bulbs,  tissue  paper,  laboratory  coat,  protective 
eyewear,  spatula,  stainless-steel  pans,  glass  stir  rods,  syringes, 
needles,  forceps,  and  latex  gloves. 

Proton  NMR  spectra  will  be  obtained  on  8attelle's  Varian  CFT-20  Fourier 
transform  NMft  spectrometer  located  in  Room  7237-A  of  the  king  Avenue 
facility. 

The  HPIC  analytical  system,  to  be  used  consists  of  the  following:  HPLC 
pump,  HPLC  ultra  violet  (UV)  detector,  HPLC  injection  system 
(autosampler),  analytical  column,  strip-chart  recorder  (optional), 
electronic  data  system.  Any  equivalent  system  may  be  used  once 
confirmation  of  performance  has  been  established. 

E.  Hazards  Involved: 

l.  Solvents:  The  solvents  used  in  preparing  the  dilute  material  may  have 
hazaras  associated  -ith  their  use.  A  copy  of  the  Material  Safety  Data 
Sheets  (MSOS)  is  avai’-r'e  from  the  manufacturer  or  through  Battel le's 
Safety  Office  at  505  t  j  Avenue.  A  brief  listing  of  hazards 
associated  -»th  handling  the  more  commonly  used  solvents  has  been 
included: 

a.  Acetomtri  -f.  Acetonitrile  is  a  flammable  liquid  that  must  be 
nanoTeoasa  solvent  with  a  dangerous  fire  risk.  The  flash  point 
of  acetonitrile  is  5.56  C.  The  1583-1589  AC3IH  TLV  for 
acetonitrile  is  JO  parts  per  million  (ppm)  as  an  8-hr  TWA  and 
60  ppm  as  a  15-min  $T£L.  Skin  contact  may  also  represent  a 
significant  route  of  exposure. 

**•  Ethanol  i?  t  flammable  liquid  that  must  be  handled  as 

a  soi/ent  -ith  a  dangercu.  fir*  risk.  The  flash  point  (open  cup) 
of  methanol  is  12.2  C.  -ith  an  autoignition  temoerature  of  464  C. 
The  1588-1939  4CGIM  TL'/  for  methanol  is  2C0  opm  as  an  3-hr  T-A  and 
250  do*  as  a  !5*mm  $TEL.  also,  skin  contact  may  represent  a 
Significant  rjy-*  e*cosur». 

c.  Benz ere:  Benzene  is  a  flammable  liquid  that  must  be  handled  as  a 
solvent  -ith  a  dangerous  fir*  risk.  Benzene  is  tone  by 
ingestion,  mnalation.  and  skin  absorption.  Benzene  is  regulated 
as  a  ti'f-ogen  bv  the  Occuoaticnal  Safety  and  Health 
Administration  iOSha)  resulting  m  excess  leukemia.  Ccn»i’n*'-s 
must  say  •CA.vGcR  CChTAjhS  3E*iiShE  CAhCER  rfAZARO.*  OSha  3-nr' 
permissible  exposure  limit  (PEL)  •  1  ppm.  action  Level  •  0.5  pern. 

Revised  February  20,  1550 


MREF 

SOP-89-55 


February  27,  1989 
Page  7 


F.  Safety  Reoui regents: 

1.  Hoods:  Hood  face  velocity  must  average  100  =  20  lfpm.  The  average  is 
computed  from  individual  readings  taken  in  approximately  each  square 
foot  of  hood  face  (usually  nine  readings).  No  equipment  Mill  be 
within  20  cm  of  the  face  of  the  hood. 

2.  Protective  Equipment:  When  working  in  the  laboratory,  the  folloMing 
clotnmg  and  protective  gear  are  required  as  a  minimum  for  all 
personnel.  This  equipment  must  be  used  as  directed  in  the  FSSP. 

lab  coat • 

latex  gloves  (as  needed) 
protective  eyewear 

All  provisions  of  the  FSSP  apply  to  the  checking  and  testing  of 
gloves,  aprons,  and  other  protective  equipment. 

3.  First  Aid:  The  location  of  the  nearest  eye-wash  fountain,  shower,  and 
r.re  extinguisher  will  be  known  to  all  workers  before  work  begins. 

G.  Procedures: 

1.  MREF  Entry;  3efore  entering  the  secured  facility,  note  the  status  of 
tne  Agent -in-Use'  light  at  the  turnstile.  If  the  "Agent-in-Use* 
lights  are  turned  on,  note  the  room  location  anu  be  sure  that  upon 
entry  to  the  laboratory  area  all  safety  equipment  and  procedures 
described  in  F$$?  SOP  MREF- 13  are  in  place.  Upon  entry  of  the  room, 
confirm  that  there  are  no  audible  alarms.  No  operations  can  be 
initiated  in  a  room  with  audible  alarms.  After  entry,  personnel  will 
observe  the  magnenelic  gauge  on  the  hood.  If  inspection  reveals  that 
the  hood  has  failed,  is  marginal  in  flow,  or  operates  outside  the 
guidelines  of  FSSP  SOP  MREF-Zl,  the  problem  is  reported  to  the  MREF 
Manager  and  the  ooeration  does  not  begin. 

2.  Hood  Set  'Ja:  The  ooeration  hood  area  must  be  prepared  with  all 
materials  necessary  to  perform  the  operation  prior  to  starting  the 
operation.  All  materials  will  be  kept  benind  the  3-inch  line  in  the 
hood. 

3.  Sample  P-eoantion:  The  drug  formulation  samples  provided  for 
analysis  will  oe  manipulated  so  that  the  interference  of  solvents  and 
other  pp-ppren ts  associated  with  the  samples  :s  minimized  to  provide 
relatively  pure  drug  samples  for  NMR  analysis. 
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HPlC  analyses  may  be  performed  on  either  the  dosing  formulations  as 
received,  dilutions  of  the  parent  materials,  or  on  reference  standard 
solutions  of  known  concentration. 


a. 


Analytical  Reference  Standard:  Solid  atropine  sulfate  standard 
used  as  a  reference  material  is  dried  at  100  C.  0.4  mm  Hg  for  3  hr 


prior  to  use  in  a  vacuum  oven.  This  is  performed  by  placing  the 
solid  material  contained  in  its  original  container  which  has  had 


its  cap  removed  into  a  pre-heated  oven.  The  oven  is  sealed  and 


the  vacuum  adjusted  to  0.4  mm  Hg. 


b.  NMR:  For  the  NMR  sample  preparation,  1  ml  of  test  sample  is  made 
basic  with  2.0  ml  of  0.1  N  sodium  hydroxide  to  reach  a  pH  of 
approximately  13  (verified  by  color  pHast  paper).  This  solution 
is  stirred  rapidly  with  benzene  (5.0  ml)  for  15  min  and  then 
poured  through  Whatman  lps  phase  separation  paper  (with  1.0-mi 
benzene  rinse).  The  filtrate  is  stirred  for  l  min  with  2.0-mi 
deionized  water  and  this  mixture  is  passed  again  through  a  fresh 
phase  separation  paper  (with  1.0-ml  benzene  rinse).  The  benzene 
filtrate  is  evaporated  in  a  rotary  evaporator  to  yield  atropine  as 
its  free  base.  The  sulfate  is  reformed  by  adding  a  slight  molar 
excess  of  dilute  O2SO4  in  0^  the  free  base. 

NMR  samples  are  prepared  by  transfer  of  the  deuterium  oxide 
solution  and  transferred  into  an  NMR  tube  (tube  capped  after 
transfer)  for  HMfi  analysis. 


c.  HPIC  Analysis:  Samples  are  either  analyred  directly  or  can  be 
diluted  so  mat  the  expected  concentration  range  is  between  0.1 
and  1.3  mg/ml. 


4.  Preparation  of  Standard  Solutions:  Standard  solutions  of  atropine 
sulfate  are  prepared  for  reference  spectrum  and  HPlC  standard 
curve  determinations. 


a.  NMR:  within  a  glove  bag  thoroughly  flushed  with  dry  nitrogen  or 
argon,  weigh  10  s  0.1  mg  of  atropine  sulfate  onto  weighing  paper. 
Transfer  the  sample  into  a  screw-caoped  bottle  and  close  tightly. 
Outside  the  bag,  dissolve  the  sample  in  an  accurately  measured 
volume  of  10. 0  ml  of  deuterium  oxide  and  recao  the  bottle  to 
minimize  the  contamination  of  the  sample  with  undeuterated 
moisture. 


b.  HPLC:  weigh  50  =  0.1  mg  of  atropine  sulfate  onto  weighing  paper. 
Quantitatively,  transfer  the  sample  into  a  50-ml  volumetric  flask 
containing  approximately  40  mi  of  mobile  phase  (see  Section  G.5.b) 
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Mix  the  solution  thoroughly  on  a  vortex  mixer.  Cj i lute  to  50.0  ml 
with  the  mobile  phase  and  remix  the  solution.  The  resulting 
concentration  of  the  atropine  sulfate  will  be  approximately 
1  mg/wl. 

Mix  and  dilute  the  atropine  sulfate  stock  solution  with  the  mobile 
phase  as  follows: 

10.0-ml  stock  ♦  O.Q-mi  mobile  phase 
5.0-ml  stock  *  5.0-*L  mobile  phase 
2.5-mi  stock  ♦  7.5-mi  mobile  phase 
1.0-mi  stock  *  9.0-ml  mobile  pnase 
0.0-ml  stock  ♦  10.0-ml  mobile  phase 

The  atropine  sulfate  concentrations  obtained  are  1.00,  0.50,  0.25, 
0.10,  and  0.0  mg  per  m. 

Diluted  standard  solutions  are  kept  refrigerated  until  use. 
Standards  may  be  kept  refrigerated  for  up  to  30  days. 

5.  Analysis  Start-Uo:  NMfl  is  performed  to  verify  the  structure  of 

atropine  su Irate.  HPiC  is  performed  to  quantitatively  determine  the 
concentration  of  atropine  sulfate  and  confirm  the  identity  of  the 
atropine  in  the  samples. 

a.  NMP:  Calibrate  the  hMS  instrument  and  data  system  according  to 
instructions  in  the  operator's  manual.  When  properly  calibrated 
against  the  standard  reference  solutions  identified  in  the  manual, 
proceed  with  the  analysis  Section  5. 7. a. 

b.  Quantitative  *°IC:  Prepare  HPiC  mobile  phase  for  quantitative 
analysis  by  dissolving  2.2  g  of  sodium  heptane  sulfonate 
(l-heptane  sulfonic  acid  sodium  salt)  and  2.7  g  of 
tetramethyl ammonium  chloride  in  approximately  90  ml  of  deionized 
water.  Add  l.Q  ml  of  glacial  acetic  acid  and  dilute  to  1  L  and 
mix.  Filter  buffer  solution  before  using. 

The  mcoile  phase  may  be  established  using  a  gradient  system  with  a 
78  percent  buffer  :  2  percent  methanol  :  20  percent  acetonitrile 
ritio  or  mixed  orior  to  analysis.  To  mix  ti.e  mobile  prior  to 
analysis,  add  730  ml  of  the  buffer  prepared  above  to  a  l-l  glass 
bottle,  add  20  mi  of  methanol  and  200  mi  of  acetonitrile  and  mix. 
Cnee  the  buffer  has  been  orepared,  it  must  be  filtered  and  used 
within  20  days. 
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Insure  that  the  appropriate  analytical  column  has  been  installed 
in  the  analytical  system,  and  that  the  injector  is  equipped  with 
at  least  a  *20  sample  injection  loop. 

All  mobile  phase  must  be  filtered  and  degassed  for  at  least  S  min 
with  nitrogen  or  helium,  prior  to  use. 

The  detector  and  the  pump  must  be  turned  on  for  a  warm-up  period 
of  at  least  15  min  prior  to  system  evaluation.  The  pump  flow  must 
be  set  at  1.0  ml/mi n  during  the  warm-up  period.  After 
approximately  15  min,  measure  the  flow  for  5  min  with  a  lC-ml 
graduated  cylinder.  The  flow  rate  must  be  set  at  l.Q  =  0.1 
at/min.  Adjust  the  flow  rate  setting  on  the  pump  controller  if 
necessary  to  cbtain  an  actual  flow  rate  within  these  limits  and 
re-check  flow. 

After  the  pump  has  been  on  for  30  min,  adjust  the  detector  zero 
with  the  balance  control  with  the  detector  attenuation  set  at  the 
appropriate  attenuation.  Adjust  the  recorder  to  electrical  zero 
at  “O'  chart  units.  Adjust  the  detector  zero  to  slightly  above 
the  electrical  zero  position  with  the  recorder  balance  control. 

c.  HPLC  Identity  Confirmation:  Prepare  HPIC  mobile  phase  for 

identity  conri rmation  by  adding  6.0  g  of  sodium  lauryl  sulfate  and 
1.0  g  of  tetrabutylamnonium  nitrate  to  a  l-l  volumetric  flask  and 
dissolve  the  reagents  in  approximately  500  ml  of  deionized  water. 
Add  20  mi  of  glacial  acetic  acid  to  the  solution  and  mix.  The 
volumetric  flask  is  filled  to  the  l-l  mark  and  the  solution 
re-mixed.  Filter  the  solution  with  a  5  pa  filter  and  store  in  a 
clean  glass  bottle.  Use  within  30  days. 

The  mobile  phase  may  be  established  using  a  gradient  system  with  a 
60  percent  buffer  :  40  percent  acetonitrile  ratio  or  mixed  prior 
to  analysis.  To  mix  the  mobile  prior  to  analysis,  add  600  ml  of 
the  buffer  prepared  above  to  a  l-l  glass  bottle  and  add  400  ml  of 
acetonitrile  and  mix.  Once  the  buffer  has  been  prepared  it  must 
be  used  within  30  days. 

Insure  that  a  Supelco  IC-1  column  or  equivalent  has  been  connected 
to  the  injector  and  detector  and  the  injector  is  equipped  with  a 
20  pi  sample  injection  lo. .  . 

AH  mobile  phase  must  be  degassed  for  at  least  5  min  with  helium 
or  nitrogen  prior  to  use. 
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The  detector  and  the  pump  must  be  turned  on  for  a  warm-up  period 
of  at  least  15  min  prior  to  system  evaluation.  The  pump  flow  must 
be  set  at  1.0  mL/min  during  the  warm-up  period.  After 
approximately  15  min,  measure  the  flow  for  5  min  with  a  10-mL 
graduated  cylinder.  The  flow  rate  should  be  1.0  s  0.1  mL/min. 
Adjust  the  flow  rate  setting  on  the  pump  if  necessary  to  obtain  an 
actual  flow  rate  within  these  limits  and  re-cneck. 

After  the  pump  has  been  on  for  30  min,  adjust  the  detector  zero 
with  the  balance  control  with  the  detector  set  at  the  appropriate 
attenuation.  Adjust  the  recorder  to  electrical  zero  at  *0"  chart 
units.  Adjust  the  detector  zero  to  slightly  above  the  electrical 
zero  position  with  the  recorder  balance  control. 

6.  Analysis  of  Samples:  NMfl  is  performed  for  structural  confirmation. 
MPlC  standards  ana  collected  samples  are  analyzed  to  determine 
concentration  and  identity  confirmation. 

a.  NMfl:  Multiple  acquisitions  (>  100  transients)  are  generally 
required.  Spectra  will  be  printed  on  standard  NMfl  paper  and 
computer  referenced  to  the  chemical  shift  of  sodium 

2, 2-dimethyl -2-si lapentane-5-sulfonate  determined  on  the  same  day 
to  facilitate  interpretation. 

b.  Quantitative  HPLC:  The  following  is  a  set  of  HPLC  conditions  that 
have  been  found  to  be  satisfactory  for  quantitative  analysis  of 
atropine  sulfate  by  HPLC  {reference  l): 

Column;  CIS  u-8ondapak  or  equivalent,  250-«*  long  x  4.6-mm  inner, 
diameter  with  5  micron  particle  size. 

Mobile  Phase:  See  Section  G.6.b 

Oetector:  UV  j  250  na 

Flow  Rate:  1.3  *L/min 

Injection  Volume:  20  pL 

For  quantitative  analysis  of  atropino  sulfate  samples,  transfer 
1-mL  duplicate  aliquots  of  each  atropine  sulfate  standard  to 
autosaityjler  vials  and  place  the  vials  in  the  autosampler  in 
ascending  concentration  order.  Set  up  the  dat’  system  to  acquire 
data  for  each  standard  as  described  in  the  instruction  manual. 
Transfer  i-mt  duplicate  aliquots  of  each  sample  to  autosampler 
vials  and  place  the  vials  in  the  autosampler. 
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For  every  ten  sampl  ;o  be  analyzed,  one  blank  sample  and  one 
standard  must  be  analyzed  as  a  minimum.  All  samples  must  be 
analyzed  under  the  same  conditions  as  used  for  the  standards. 

C.  HPiC  Tdentitv  Conf i rmation:  For  confirmation  of  the  identity  of 
atropine  sulfate  by  rtPtC,  a  second  set  of  HPLC  conditions  is 
employed.  The  following  is  a  set  of  HPLC  conditions  found  to  be 
satisfactory  for  the  confirmation  of  atropine. 

Column:  Supelco  LC-l,  250-™*  long  x  4.5 -<a*  inner  diameter,  with 
S  mic-on  particle  size. 

Mobile  Phase:  See  Section  G.6.C 

Oetectcr:  UV  9  254  m 

Flow  Rate:  1  mC/min 

Injection  Volume:  20  pi 

For  confirmation  purposes,  analyze  an  atropine  sulfate  standard 
and  a  sample  from  the  formulation  under  these  HPLC  conditions. 

7.  Instrument  Shut-Oown: 

a.  When  the  instrument  is  not  to  be  used  for  extended  periods  of 
time,  the  system  must  be  shut  down  following  manufacturer's 
instructions  to  ensure  column  life  and  instrument  stability. 

b.  For  overnight  shut-down,  turn  off  the  UV  detector,  chart  recorder, 
and  pump  controller. 

e.  For  weekend  shut-down,  follow  the  same  procedure  as  for  overnight 
shut-down  but  elso  Cap  off  the  analytical  column  to  prevent  the 
solid  phsst  from  drying. 

8.  Data  Reduction:  The  NWR  spectra  obtained  in  Section  G.7  are  compared 

to  rel'erence'.NMR  spectra  for  atropine  to  verify  structural  identity. 

The  HPLC  samples  analyzed  in  Section  G.7  are  compared  with  results 

obtained  from  known  reference  standards  to  determine  concentration. 

a.  >jj£:  Compare  the  NMR  spectrum  for  the  sample  with  the  spectrum 
ootained  for  the  atropine  sulfate  reference  standard.  Verify 
corresoondence  of  chemical  shifts,  multiplicities,  and  intensities 
for  structural  verification  in  conjunction  with  HPLC  findings. 
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b.  Quantitative  H^LC :  Obtain  printouts  of  the  peak  areas  for  each 
stanoaro  ano  sample  as  described  in  the  data  system  instruction 
manual.  Prepare  a  standard  curve  from  the  peak  areas  versus 
concentration  of  the  standards. 

Oetenaine  the  atropine  sulfate  concentration  in  the  samples  and 
control  standards  using  the  standard  curve.  If  necessary,  correct 
any  dilution  made  to  the  samples  prior  to  analysis. 

If  the  response  for  any  of  the  control  standards  varies  from  the 
predicted  response  by  more  than  *  10  percent,  then  the  samples 
associated  with  that  standard  are  reanalyzed. 

c.  HPlC  Identity  Confi rmation;  HPlC  confirmation  of  the  identity  of 
atropine  sulfate  is  performed  by  analysis  under  a  second  set  of 
HPlC  conditions.  Compare  the  retention  times  and  relative 
responses  of  the  atropine  sulfate  reference  standard  and  sample 
peak  for  structural  confirmation  in  conjunction  with  the  first  set 
of  HPlC  results  and  conclusions. 

H.  Emergency  Procedures:  All  personnel  involved  in  the  HMl  or  WtEF 
laboratory  operations,  must  be  familiar  with  the  respective  laboratory's 
FSSP.  and  the  emergency  procedures  detailed  within  this  document.  All 
personnel  involved  in  the  king  Avenue  operation  must  be  familiar  with  HEG 
H/SP  8-01  and  the  emergency  procedures  detailed  within  this  document. 

I.  First  Aid  Procedures:  First  aid  and  self  aid  at  the  W?£F  are  to  be 
conducted  as  specified  in  the  f SSP. 

J.  inferences  s 

1.  ‘Assay  of  Formulated  Atropine  Solution,  WR-6241AK,  8107753,  Lot 
No.  RU7144,*  Report  No.  527.  Contract  No.  0AWJ7-35-C-SI41,  SRI 
International  Project  No.  8504,  Qecembtr  10,  1983. 
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STANDARD  OPERATING  PROCEDURE  39-64 

Extraction  and  analysis  of  s  l-(2-Hydroxyi*inoaethylpyridiniu®) -2- 
(d-CarpoxyaaiCo-PyridiniuaJ-Oiaethyl  Ether  Qichloride  (HI-6)  and 
i. I* -Methylene-3is  i.4-(Hydroxyia:nonethyl)  Pyridinium]  Oichloride  (W8-4) 
Using  High  Performance  Liquid  Chromatography  (HPLC) 


A.  Statement  of  Work:  This  SOP  describes  the  method  for  the  determination  of 
*  l- (2-nyoroxyioinomethyl pyridinium) -2-{4-cartioxyaaido-p>ridiniua)- 
dimethyl  ether  dichloride  (Hi -6)  and  l.l'-methylene-bis 
(4-(hydroxyiaincmethyl)  pyridiniua]  dichioride  (>Wt-4)  in  dosing  samples. 
The  prepared  sample  is  analyzed  by  high  performance  liquid  chroaator-aphy 
(HPLC).  The  sample  preparation  and  analysis  aethods  detailed  here  were 
developed  in  support  of  pharmacokinetics  studies  performed  at  Battelle's 
Medical  Research  and  Evaluation  Facility  (MREF).  This  method  uses  HI-6  as 
the  internal  standard  when  analyzing  for  MM8-4  and  MM8-4  as  the  internal 
standard  when  analyzing  for  HI-6.  Only  samples  containing  one  of  the 
analytes  can  be  analyzed  using  this  SOP. 

i-  Responsibility: 

All  technical  staff  will  be  familiar  with  the  safe  handling  practices  of 
chemical  materials  within  a  laboratory.  Personnel  performing  the 
following  procedures  oust  read  and  sign  this  SOP.  They  must  use  personal, 
protective  equipment  required  by  the  Facility  Safety  and  Surety  Plan 
(FSS?)  while  working  w«thin  the  MRS?  and  develop  safe  work  habits  to 
protect  the^seNes  and  fellow  workers  from  injury  and  to  prevent  damage  to 
material,  equipment,  and  facilities. 

The  organization  involved  in  this  research  is  the  MREF  ef  Battalia 
Memorial  Institute,  SOS  King  Avenue.  Columbus,  OH  43201-2633. 

C.  Materials  To  Re  Used:  Potassium  phosphate  dibasic,  I-h«ptanesulfonic 
acid,  tnetnyTamme.  acetonitrile,  methyl  alcohol,  trichloroacetic  acid, 
HI-6,  I.l'-methylene-bis  (4-(hydroxyimino«ethyl)  pyridiniua]  dichloride 
(httB-4),  acetic  acid,  labels,  plastic-backed  absorbent  paper,  brown  paper, 
and  wiping  tissues. 

0.  Equipment:  Freezer,  refrigerator,  first  aid  kit,  plastic-backed,  squirt 
bottles,  beakers,  bottles,  maxi-viils,  pipettes,  pipette  bulbs,  laboratory 
coat,  protective  eyewear,  spatula,  stainless-steel  pans,  glass  stir  rods, 
syringes,  needles,  forceps,  and  latex  gloves. 

E.  Hazards  Involved: 

I.  Sol <»nts  and  Chemicals:  The  solvents  and  chemicals  used  in  this  SOP 
■nay  nave  nazaras  associated  with  their  use.  The  Material  Safety  Oata 
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Sheets  (MSDS)  are  available  in  the  administrative  area  of  the  HREr  or 
through  3at:elle's  Safety  Services  Department  at  50S  King  Avenue. 

F.  Procedures: 

1.  Hood  Set  Uo:  The  operation  hood  area  must  be  prepared  with  all 
materials  necessary  to  perform  the  operation  prior  to  starting  the 
operation.  All  materials  Mill  be  kept  behind  the  8-inch  line  in  the 
hood. 

Plastic-backed,  absorbent  paper  must  be  used  to  protect  the  Mork 
surface  of  the  hood. 

2.  Solution  Preparation: 

a.  Mobile  Phase  Suffer:  Accurately  Meigh  4.1  *  0.01  g 

1- hepcanesulfonic  acid,  and  17.4  t  0.01  g  potassium  phosphate 
dibasic  onto  weighing  paper.  Quantitatively  transfer  each 
chemical  into  a  2-1  volumetric  flask  containing  approximately 
1500  ml  millipore  Mater.  Deliver  2.31  ml  t  0.01  of  triethylamine 
(using  a  5000 -*l  gas-tight  syringe)  to  the  resulting  solution  and 
mi.,  -oil.  Adjust  the  pH  cf  the  solution  to  4.1  *  0.1  Mith  glacial 
acetic  acid  (approximately  28  ml).  Mix  well  and  dilute  to  volume 
Mith  millipore  Mater.  Filter  through  a  0.45  pm  filter. 

b.  20.0  mg/ml  W«-4  Stock  Solution:  Weigh  100  t  1.0  mg  of  neat 
W«-4  in  a  Meighing  dish.  Quantitatively  transfer  the  weighed 
material  into  a  5-mi  volumetric  flask  containing  approximately 

2 - ml  millipore  water.  Vortex  mix  the  solution  and  dilute  to 
volume  Mith  millipore  water.  Stock  solution  must  be  made  uu  fresh 
daily. 

c.  Mobile  Phase  Oilgent  with  mi-4  Internal  Standard:  Accurately 
measure  and  dispense  125  >tl  MM8-4  stock  solution  at  20.0  ag/mi 
(using  a  2S0  pi  gas-tight  syringe)  into  a  100 -ml  volumetric  flask 
containing  approximately  50  ml  mobile  phase  buffer.  Mix  well. 
Dilute  to  volume  with  nobile  phase  buffer.  Mix  resulting  solution 
again,  label  and  store  <n  refrigerator  until  use. 

d.  10.0  mg/mi  HI-3  Stock  Solution:  Accurately  weigh  100.0  mg  x 
1.0  mg  of  HI -3  on  weighing  paper.  Quantitatively  transfer  the 
u!-3  into  a  10  ml  volumetric  flask  containing  approximately  S  ml 
millipore  water.  Mix  well  until  dissolved.  Oilute  to  volume  with 
millipore  water  and  mix  agam.  Stock  solution  must  be  made  up 
fresn  daily. 

e.  Mobile  Phase  Oiluent  with  HI -6  Internal  Standard:  Accurately 
measure  and  dispense  1,110  pi  of  the  HI -6  stock  solution  at 
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10. C  mg/ml  (using  a  1,250  pi  gas-tight  syringe)  into  a  100-ml 

volumetric  flask  containing  approximately  SO  ml  mobile  phase 

buffer.  Mix  well.  Oilute  to  volume  with  mobile  phase  buffer. 

Mix  resulting  solution  again,  label  and  store  in  refrigerator 

until  use. 

f.  HI-6  Standards:  (Must  be  made  up  fresh  daily.) 

(1)  100  ,'ig/mt.  HI-6  Standard:  Into  a  10  ml  volumetric  flask 
containing  approximately  5  ml  of  the  mobile  phase  diluent 
spiked  with  MMB-4  (G.3.C.),  delivet  ICQ  pi  of  the  10  mg/ml 
HI-6  stock  solution  (using  a  100  8  1  gas-tight  syringe).  Mix 
well  and  dilute  to  volume  with  mobile  phase  diluent. 

(2)  50  pg/ml  HI -6  Standard:  Into  a  10-ml  volumetric  flask 
containing  approximately  5  ml  of  the  mobile  phase  diluent 
spiked  with  MM3-4,  deliver  50  pi  of  the  10  »g/ml  HI-6  stock 
prepared  in  Section  G.3.d.  (using  a  50  ;tl  gas-tight  syringe). 
Mix  well  and  dilute  to  volume  with  mobile  phase  diluent.  Mix 
on  a  vortex  mixer. 

(3)  25  pg/ml  HI-6  Standard:  Into  a  10  ml  volumetric  flask 
containing  approximately  5  ml  of  the  mobile  phase  diluent 
spiked  with  MM8-4,  deliver  25  pL  of  the  10  tnq/ni  HI-6  stock 
prepared  in  Section  G.3.d.  (using  a  25  pi  gas-tight  syringe). 
Mix  well  and  dilute  to  volume  with  mobile  phase  diluent.  Mix 
on  a  vortex  mixer. 

(4)  10  pg/ml  HI-6  Standard:  Into  a  10-ml  volumetric  flasx 
containing  approximately  5  ml  of  the  mobile  phase  diluent 
spiked  with  MMB-4,  deliver  10  pi  of  the  10  mg/ml  HI-6  stock 
prepared  in  Section  G.3.d.  (using  a  10  pi  gas-tight  syringe). 
Mix  well  and  dilute  to  volume  with  mobile  phase  diluent.  Mix 
on  a  vortex  mixer. 

(5)  Blank:  The  mobile  phase  diluent  prepared  in  G.3.C.  is  used 
os  the  HI-6  blank. 

g.  MMB-4  Standards:  (Must  be  made  up  fresh  daily.) 

(1)  100  pg/ml  MMB-4  Standard:  Inte  a  10  ml  volumetric  flask 
containing  approximately  5  ml  of  the  mobile  phase  diluent 
spiked  with  HI-6  (6.3. e.).  deliver  50  pi  of  the  20  mg/ni 
MM8-4  stcck  solution  (using  a  50  p  1  gas-tight  syringe).  Mix 
well  and  dilute  to  volume  with  mobile  phase  diluent. 

(2)  50  pg/ml  MMB-4  Standard:  Into  a  10-ml  volumetric  flask 
containing  approximately  5  ml  of  the  mobile  phase  diluent 
spiked  with  HI-6,  deliver  25  pi  of  the  20  mg/mi  MM3-4  stock 
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prepared  in  Section  G.3.d.  (using  a  25  gas-tight  syringe). 
Mix  well  and  dilute  to  volume  with  mobile  phase  diluent.  Mix 
on  a  vortex  mixer. 

(3)  20  >ig/mi  MM8-4  Standard:  Into  a  10-ml  volumetric  flask 
containing  approximately  S  ml  of  the  mobile  phase  diluent 
spiked  <*ith  HI-5  prepared  in  Section  F.2.e.,  deliver  10  >1  of 
the  20  mg/mL  MM8-4  stock  prepared  in  Section  F.2.d.  (using  a 
10  ni  gas-tight  syringe).  Mix  well  and  dilute  to  volume  with 
mobile  phase  diluent.  Mix  on  a  vortex  mixer. 

(4)  10  ^g/mL  MM3 -4  Standard:  Into  a  10-ml  volumetric  flask 
containing  approximately  5  ml  of  the  mobile  phase  diluent 
spiked  with  HI-6,  deliver  5  pi  of  the  20  mg/al  MM8-4  stock 
prepared  in  Section  G.3.d.  (using  a  10  pi  gas-tight  syringe). 
Mix  well  and  dilute  to  volume  with  mobile  phase  diluent.  Mix 
on  a  vortex  mixer. 

(5)  31ank:  The  mobile  phase  diluent  prepared  in  F.2.e  is  used 
as  the  MM8-4  blank. 

Equipment  Preparation: 

a.  Instrument  Preparation:  The  HPiC  is  prepared  for  use  with  the 
following  recommended  initial  settings  and  conditions.  These 
settings  and  conditions  are  to  be  optimized  by  the  operator  prior 
to  instrument  calibration  and  sample  analysis. 

(1)  Column  •  IS  cm  x  4.5  m  inside  diameter  (1.0.)  Zorbax  IC-3 
with  5  pm  partial  size  or  equivalent. 

(2)  Guard  Column  •  2  ca  x  4.6  m  1.3.  Zorbax  IC-3  with  5  pm 
partial  size. 

(3)  Mobile  Phase:  80  percent  buffer  (see  Section  F.2.a) 

IS  percent  Acetcnitrile: Isopropanol  (80:20) 

S  percent  spectroscopic  grade  methyl  alcohol. 

(4)  Mobile  Phase  Flow  Rate:  I.S  ml/mi n. 

(5)  Injection  Volume:  100  pL  volume  for  HI-6. 

30  ^l  volume  for  MM8-4. 

(5)  Cetector  Integration  Wavelength:  304  nm. 

b.  Column  Conditioning:  The  column  needs  approximately  45  min  of 
mobile  phase  conditioning  before  it  can  be  used  to  analyze 
samples.  This  conditioning  is  required  so  the  stationary  phase 
can  equilibrate  wiuh  the  ion-pair  reagent  in  the  mobile  phase. 
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C.  Column  Check:  The  efficiency  of  the  cnromatograpnic  system  must 
be  c. necked  before  samples  are  analyzed.  To  determine  this  a 
25  jij/m l  Ht-o  standard  is  analyzed  and  the  resolution  and  peak 
snape  for  eac.n  analyte  peak,  HI-5  and  *<3-4  is  determined,  when 
reduction  in  column  performance  is  ooserved,  the  column  and  or 
guard  column  must  either  be  cleaned  or  replaced.  The  guard  column 
should  always  be  replaced  and  conditioned  without  the  analytical 
column  in  position  to  avoid  contamination  of  the  analytical 
column. 

4.  Dilution  of  Samples:  Samples  are  diluted  in  the  mobile  phase  buffer. 
Samples  naving  nign  concentrations  of  HI-5  or  MH8-4  must  be  sonicated 
to  insure  complete  solvation  of  the  material,  due  to  limited 
solubility  of  these  materials  in  aqueous  solvents,  prior  to  performing 
dilutions.  The  expected  concentration  of  each  sample  is  adjusted  to 
within  the  working  calibration  range.  When  sample  size  permits  all 
samples  will  be  diluted  using  volumetric  glassware.  When  sample  size 
is  limited  dilutions  must  be  performed  using  analytical  syringes. 
Before  the  samples  are  diluted,  the  volume  of  the  stock  solution 
prepared  in  either  F.2.b.  or  F.2.d.  must  be  calculated  and  added  to 
the  sample  dilution  scheme.  The  final  concentration  of  the  internal 
standard  in  the  samples  will  be  either  111  nq/mL  for  HI-6  or  25  n g/mi 
for  fftB-4. 

5.  Instrument  Calibration:  Instrument  calibration  must.be  performed  each 
time  quantitation  of  samples  is  required.  The  instruwent  calibration 
is  performed  by  injecting  the  analytical  standards  prepared  in  Section 
F.Z.f.  and  F.2.g.  A  complete  set  of  analytical  standards  is  analyzed 
prior  to  analysis  of  any  samples.  Once  the  initial  calibration  and 
standards  have  been  analyzed  and  the  linearity  confirmed,  the  sample 
may  begin  with  at  least  every  sixth  sample  injected  being  an 
analytical  standard  or  blank  to  check  the  performance  of  the 
instrument.  A  complete  set  of  analytical  standards  is  analyzed 
following  the  last  sample.  All  analytical  standards  analyzed  are  used 
to  develop  a  complete  calibration  curve  for  quantitation  of  the 
samples.  Ho  sample  amount  nay  be  reported  that  exceeds  the  range  of 
the  analytical  standards.  Samples  that  yield  responses  less  than  the 
calibration  range  will  be  reported  as  less  than  o.e  lower  quantitation 
limit.  Any  sample  response  that  exceeds  the  largest  analytical 
standard  will  be  reported  as  greater  than  the  highest  analytical 
standard,  and  must  be  either  diluted  to  within  range  or  the 
calibration  range  extended  for  quanti ff cation  of  the  sample. 

5.  Analysis  of  Analytical  Blank:  The  appropriate  analytical  blank 

prepared  m  section  F.Z.f. i  d.  and  F.2.g.5.  is  analyzed  to  determine 
the  quality  of  the  reagents  used,  and  to  determine  if  the  presence  if 
sample  matrix  components  interfere  with  the  analysis  method. 
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7.  Anal vi  s  of  Samples:  Samples  and  calibration  standards  are  analyzed 
using  tne  procecures  described  in  Section  F.5.  At  least  every  sixth 
analysis  should  be  a  analytical  standard  or  blank. 

3.  Calculations:  The  sample  amounts  are  calculated  using  an  internal 
standard  method  of  calibration.  The  calibration  data  is  analyzed 
using  a  linear  regression  model  to  estimate  the  parameter  values  for 
the  model . 

a.  Using  a  simple  linear  regression  program,  enter  the  peak  area 
ratio  of  HI-6  to  tfdM  as  the  ordinate  (y-value)  and  the 
corresponding  standard  concentration  as  the  abscissa  (x-value). 
The  regression  model  used  to  generate  the  slope,  intercept,  and 
correlation  coefficient  for  HI-6  in  the  calibration  data  is: 

y  •  bx  ♦  a 


b.  If  a  regression  program  is  not  available,  program  the  following 
calculations: 

C(Iy)  (£x*)-(Ix)(Ixy)J 

[n(£**) -(lx)*] 

.  WfryHSOdy)] 

[n(rxt)-(r*)*] 

Cn(Ixy)-(Ex)(ry)j _ 

[{n(Ex*)-(rx)*)*(n:(y*)-(ry)*)*] 


where, 

y  •  ax  ♦  b 

a  »  slope 

b  »  y-intereept 

r  •  correlation  coefficient 

x  •  analyte  peak  area/ Internal  standard  peak  area 

y  •  analyte  amount  in  pq/ml 

n  •  number  of  replicates 

c.  All  data  points  obtained  from  the  analysis  of  the  analytical 
standards  are  used  to  calculate  the  regression  model  estimates. 

In  addition  the  percent  relative  standard  deviation  (%RS0)  Between 
replicate  standards  should  be  monitored  to  insure  that  the 
instrument  response  does  not  change  excessively  during  analysis. 
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The  %RSD  for  any  set  of  analytical  standards  should  not  be  greater 
than  10  percent.  If  the  \RSD  for  any  set  is  greater  than 
10  percent,  the  analysis  is  stopped  and  the  problem  corrected 
prior  to  resuming  analyses.  Oo  not  include  the  results  of  the 
analytical  blank  analyses  in  the  calibration  calculations  as  this 
Mill  weigh  the  regression  toward  zero. 

d.  Identify  the  analyte  and  internal  standard  peaks  in  the  unknown 
sample  chromatograms  and  record  each  peak  area.  The  ratio  of  the 
analyte  vs  the  internal  standard  is  calculated  and  the  value 
recorded.  Using  the  regression  values  calculated  from  the 
calibration  data,  calculate  the  found  concentration  for  each 
sample  using  the  formula  above. 

9.  Column  Clean-Uo:  After  each  set  of  samples  are  analyzed,  the  column 
must  De  cleaned  to  remove  proteins  and  peptides  adhering  to  the 
stationary  phase.  This  is  accomplished  by  flushing  the  column  with  a 
series  of  solvents  over  a  period  of  time.  The  sequence  recommended 
for  this  clean-up  is: 

Hillipore  water  at  l.S  ml/min  for  60  min. 

ACI  it  l.S  ml/min  for  10  min. 

IPA  at  1.0  ml/min  10  min. 

50:50  IPA/chloroform  ramped  program 

1.5  mt/min  .  2.0  ai/®in  in  10  min 
•  2.0  ml/min  for  50  min 

IPA  at  l.S  ml/min  for  5  min. 

Att  at  l.j  ml/min  for  10  min. 

10.  Instrument  Shut-Oown:  When  the  instrument  is  not  to  be  used  for 
extended  periods  or  time,  the  system  must  be  shut  down  following 
manufacturer's  instructions  to  ensure  column  life  and  instrument 
stability.  The  column  clean-up  procedure  (Section  G.IO)  is  followed 
and  the  column  is  stored  with  100  percent  ACN  wetting  the  stationary 
phase.  The  column  must  be  tightly  capped  during  storage  to  prevent 
solvent  evaporation.  The  column  must  never  be  stored  with  buffer 
remaining  on  the  support. 

G.  Emergency  Procedures:  All  personnel  involved  in  the  HMl  or  MREP 

Uooratory  operations,  must  be  familiar  with  the  respective  laboratory's 
rSSP,  and  the  emergency  procedures  detailed  within  this  document.  All 
personnel  involved  in  the  king  Avenue  operation  must  be  familiar  with  HEG 
H/SP  8-01  and  the  emergency  procedures  detailed  within  this  document. 
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-i  H.  First  Aid  Procedures:  First  aid  and  self  aid  at  the  MREF  and  HML  are  to 

J  5e  concuctea  as  specified  in  the  FSSP. 
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APPENDIX  C 

INDIVIDUAL  ANIMAL  PATHOLOGY  DATA 


C-l 


Animal  No.  S9 - 1 546 
Necropsy  Date:  4/24/90 
Group:  H [ -5  Treatment  Efficacy 
Dose:  13.0  *g/kg  GO 

Necropsy  Results:  Heart,  epicardial  surface:  hemorrhage,  minimal. 
Histcpathology  Results:  Not  applicable. 


Animal  No.  89-1563 
Necropsy  Oate:  6/12/90 
Group:  HI-6  Treatment  Efficacy 
Dose:  32.0  pg/kg  GO 

Necropsy  Results:  Lung,  multiple  lobes:  hemorrhage/congestion,  mild 

Comment:  M.nimal  yellow-green  foam  in  bronchi;  this  monkey  may  have  aspirated 
some  stomach  contents  as  «  terminal  event.  Stomach  very  distended 
with  yellow/green  fluid. 

Histopathology  Results:  Not  applicable. 


Animal  No.  89-1572 
Necropsy  Oate:  6/13/90 
Group:  HI-6  Treatment  Efficacy 
Oose:  42.1  >»g/kg  GO 

Necropsy  Results:  No  gross  lesions  found. 
Histcpathology  Results:  Not  applicable. 


C-2 


Animal  No.  39-1535 
Necropsy  Cate:  4/ 13/ ~0 
Group:  HI-o  Treatment  Efficacy 
Dose:  34.7  ^g/’ng  GO 

Necropsy  Results:  Liver:  adhesions,  fibrous,  minimal. 
Histopathology  Results:  Not  applicable 


Animal  No.  89-1533 
Necropsy  Oate:  6/13/90 
Group:  HI-6  Treatment  Efficacy 
Dose:  28.4  *»g/kg  GO 

Necropsy  Results:  No  gross  lesions  found. 
Histopathology  Results:  Not  applicable. 


Animal  No.  89-1591 
Necropsy  Oate:  4/24/90 
Group:  HI-6  Treatment  Efficacy 
Oose:  18.3  jtQ/kg  GO 

Necropsy  Results:  No  gross  lesions  found. 
Histopathology  Results:  Not  applicable. 
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C-3 

Animal  Mo.  39-1602  I 

Necropsy  Date:  4/24/90 

Group:  HI-6  Treatment  Efficacy 

Dose:  23.9  n g/ kg  GO  | 

Necropsy  Results:  8rain,  subdural:  hemorrhage,  moderate 

Comment:  Subdural  hemorrhage  presumably  associated  with  trauma/convulsions. 

Heart,  epicardial  surface:  hemorrhage,  minimal 
Histopathology  Results:  Not  applicable. 


Animal  No.  89-1604 
Necropsy  Date:  4/19/90 
Group:  HI-6  Treatment  Efficacy 
Dose:  30.1  >*g/kg  GO 

Necropsy  Results:  Heart,  epicardial  surface:  hemorrhage,  minimal 
Histopathology  Results:  Not  applicable. 


Animal  No.  89-1618 
Necropsy  Date:  4/19/90 
Group:  HI-6  Treatment  Efficacy 
Dose:  14.7  /»g/kg  GO 

Necropsy  Results:  No  gross  lesions  found. 
Histopathology  Results:  Not  applicable. 
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C-4 


Animal  No.  89-1632 
Necropsy  Data:  4/13/50 
Group:  HI -6  Treatment  Efficacy 
Dose:  25.1  / '* g  GO 

Necropsy  Results:  No  gross  lesions  found. 
Histopathology  Results:  Not  applicable. 


Animal  No.  S9-1SOO 
Necropsy  Date:  6/13/90 
Group:  HI-6  Treatment  Efficacy 
Dose:  2i.5  *g/kg  GO 

Necropsy  Results:  Testis,  right:  aplasia 
Comment:  Incidental  to  GO  exposure. 
Histopathology  Results:  Not  applicable. 


Animal  No.  39-1536 
Necropsy  Date:  4/17/90 
Group:  MM8-4  Treatment  Efficacy 
Oose:  11.0  xg/kg  GO 

Necropsy  Results:  No  gross  lesions  found. 
Histopathology  Results:  Not  applicable. 


C-5 


Animal  No.  89-1552 
Necropsy  Date:  4/17/90 
Group:  MM3-4  Treatment  Efficacy 
Oose:  15.7  >*g/k g  GO 

Necropsy  Results:  Skeletal  muscle,  temporalis:  hemorrhage 
Comment:  Compatible  with  convulsion-associated  trauma. 

Skin,  lips:  ulcers,  multiple,  subacute 

Comment:  Possible  ruptured  vesicles;  believed  to  be  viral  in  etiology  and 
incidental  to  GO  exposure. 

Histcpathology  Results:  Not  applicable. 


Animal  No.  89-1566 
Necropsy  Date:  5/23/90 
Group:  MM8-4  Treatment  Efficacy 
Dose:  9.3  >*g/kg  GO 

Necropsy  Results:  No  gross  lesions  found. 
Kistopathology  Results:  Not  applicable. 


Animal  No.  89-1584 
Necropsy  Oate:  4/26/90 
Group:  MM8-4  Treatment  Efficacy 
Cose:  8.4  /*g/kg  GO 

Necropsy  Results:  Heart,  L  &  R  ventricles,  epicardial  surface:  hemorrhage, 
ecchymotic,  multifocal,  mild 

Histopathology  Results:  Not  applicable. 


C-6 


Animal  No.  39-1520 
Necropsy  Date:  A/17/50 
Group:  ftM3-4  Treatment  Efficacy 
Cose:  29. S  >*.g/kg  GO 

Necropsy  Results:  Skin,  lips:  crusts,  multiple 

Comment:  Appear  to  be  healing  vesicles,  interpreted  to  be  viral-induced. 
Histopathology  Results:  Not  applicable. 


Animal  No.  89-1624 
Necropsy  Date:  4/24/90 
Group:  W8-4  Treatment  Efficacy 
Cose:  12.3  /tij,  kg  GO. 

Necropsy  Results:  Skeletal  muscle,  l  temporalis:  hemorrhage 

Comment:  Hemorrhage  presumably  related  to  trauma  associated  with  convulsions. 

Histopathology  Results:  Not  applicable. 


Animal  No.  89-1634 
Necropsy  Date:  4/24/90 
Group:  MM9-4  Treatment  Efficacy 
Dose:  9.7  GO 

Nocropsy  Results:  No  gross  lesions  found. 
Histopathology  Results:  Not  applicable. 


C-7 


Ani-ial  No.  89-1500 
Necropsy  Date:  6/14/50 
Group  *  LC:4 
Dose:  4.5  nq/lq  GO 

Necropsy  Results:  No  gross  lesions  frund. 

Histopathology  Results: 

Eye  -  no  significant  lesion  (nsl) 

Brain  -  neuronal  necrosis,  wild  to  severe 

(frontal,  entorrhinal  and  parietal  cortex,  amygdaloid,  hippocampus, 
thalamus,  olfactory  bulb) 

Pituitary  -  nsl 
Spinal  Cord  -  nsl 
Sciatic  fle'-ve  «  nsl 
Srachial  Plexus  •  nsl 
Ulnar  Nerve  -  nsl 
Radial  Nerve  -  nsl 
Phrenic  Nerve  -  nsl 

Adrenal  Glands  •  mineral izat ion,  minimal 
Liver  -  nsl 
Kidneys  •  nsl 

Lung  -  ns)  (lung  mite  pigment  noted) 

Ileum  -  nsl 
Stomach  -  nsl 
Diaphragm  -  nsl 

Biceps  Muscle  -  myofibril  degeneration  and  necrosis,  multifocal,  minimal 
Common  Oigital  Extensor  Muscle  -  nsl 
Heart  -  myocyte  degeneration,  minimal 


Animal  No.  89-1540 
Necropsy  Oate:  3/22/90 
Group:  LDSJ 
Oose:  7.0  >>g/kg  GO 

Necropsy  Result.:  Nogross  lesions  found. 
Histopathology  Results:  Not  applicable. 


C-8 


Animal  No.  S9-1573 
Necrcosy  Date:  6/13/90 
Group:  LD:, 

Cose:  6.3  >g/kg  GO 

Necropsy  Results:  Skeletal  muscle,  R  tmporalis:  hemorrhage,  acute,  mild 
Comment:  Compatible  with  traumatic  injury  during  convulsions. 
Histopathology  Results:  Not  applicable. 


Animal  No.  89-1532 
Necropsy  Date:  6/15/90 
Group:  LDU 
Dose:  4.9  ^g/kg  GO 

Necropsy  Results:  No  gross  lesions  found. 

Histopathology  Results: 

Eye  -  no  significant  lesion  (ns!) 

Brain  -  neuronal  necrosis,  minimal  to  moderate 
(frontal,  entorrhir.al  and  parietal  cortex,  amygdaloid,  caudate, 
hippocampus,  thalamus,  nidbrain) 

Pituitary  -  nsl 

Spinal  Cord  -  nsl 

Sciatic  Nerve  -  nsl 

Brachial  Plexuc  -  nsl 

Ulnar  Nerve  -  nsl 

Radial  Nerve  -  nsl 

Phrenic  Nerve  -  nsl 

Adrenal  Glands  •  nsl 

Liver  -  fatty  change,  mild,  diffuse 

Kidneys  -  nsl 

Lung  -  nsl 

Ileum  •  nsl 

Stomach  -  nsl 

Oiaohragm  -  no  section  available  for  micro  exam 
Biceps  Muscle  -  nsl 

Common  Digital  Extensor  Muscle  -  myofibril  degeneration  and  necrosis, 
focal,  minimal 
Heart  -  nsl 


C-9 


Animal  No.  89-1625 
Necropsy  Oate:  3/28/90 
Group:  L0Si 
Dose:  6.0  ^g/kg  GO 
Necropsy  Results: 

Brain,  meninges:  congestion,  diffuse 
Heart,  epicardial  surface:  congestion,  diffuse 
l.ung:  adhesions,  multiple 
Thymus:  hemorrhage,  petechial,  multiple 

Histopathology  Results:  Not  applicable. 


Animal  No.  89-1638 
Necropsy  Oate:  6/15/90 
Group:  LDjf 
Oose:  5.0  n g/kg  GO 

Necropsy  Results:  No  gross  lesions  found. 

Histopathology  Results: 

Eye  -  no  significant  lesion  (ns  1 ) 

Brain  -  neuronal  necrosis,  minimal  to  moderate 
(frontal,  entorrhinal  and  parietal  cortex,  amygdaloid,  hippocampus, 
thalamus,  pons,  olfactory  bulo) 

Pituitary  -  nsl 

Spinal  Cord  -  nsl 

Sciatic  Nerve  -  nsl 

Brachial  Plexus  -  nsl 

Ulnar  Nerve  -  nsl 

Radial  Nerve  -  nsl 

Phrenic  Nerve  -  nsl 

Adrenal  Glands  -  nsl 

Liver  -  fatty  change,  minimal,  diffuse 

Kidneys  -  tubular  necrosis,  multifocal,  mild 

Lung  -  nsl 

Ileum  -  nsl 

Stomach  -  nsl 

Oiaphragm  -  no  section  available  for  micro  exam 

Biceps  Muscle  -  myofibril  degeneration  and  necrosis,  multifocal,  minimal 
Common  Digital  Extensor  Muscle  -  myofibril  degeneration  and  necrosis, 
disseminated,  moderate 
Heart  -  nsl 


C-iO 


An i m3 1  No.  89-16-JO 
Necropsy  Date:  3/20/50 
Group:  ID^ 

Dose:  8.3  >tg/kg  80 

Necropsy  Results:  No  significant  lesions  found. 

Note:  Bruise  over  L  eyebrow  and  R  temporalis  muscle  compatible  with 
incidental  trauaa  of  convulsions. 

Histopathology  Results:  Not  applicable. 


